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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to an IgE antibody production inhibitor and an autoimmune disease suppres- 
sant which are characterized by comprising a heterocyclic amide compound having a specific structure or a pharma- 
ceutically acceptable salt thereof as an active ingredient. 

BACKGROUND ART 

10 

[0002] The incidence of allergic diseases such as bronchial asthma, allergic rhinitis, allergic dermatitis, etc. has 
been increasing remarkably in recent years and is a serious social concern today. These allergic diseases are classified 
as Type I allergic reaction and the mechanism of pathogenesis of these diseases is suspected to be as follows. 
[0003] Namely, in the first phase, the invasion of an antigen into the body results in interactions of macrophages, T 

15 cells, B cells, etc. causing production of an IgE antibody which is closely involved in Type I allergic reaction and the body 
is sensitized as this IgE antibody is bound to the receptors on tissue mast cells or blood basophils. In the second phase 
that ensues, the antigen reinvading the body attaches to the IgE antibody bound to the receptors and the resulting anti- 
gen-antibody reaction triggers a degranulation causing an extracellular release of various mediators such as histamine, 
SRS-A, etc. Further, in the third phase, the released mediators induce various allergic reactions owing to their smooth 

20 muscle-contacting action, vascular permeability-enhancing action, secretion-stimulating action and the like. 

[0004] Many of the therapeutic agents and prophylactic agents for allergic diseases which have been developed 
and put on the market are drugs acting on the above-mentioned second phase or third phase. Since the basic cause of 
allergic diseases is the production of IgE antibodies in the body, any drug which could inhibit or suppress the production 
of IgE antibodies should be expected to have a remarkable efficacy for radical therapy in light of the above mechanism 

25 of pathogenesis. 

[0005] Furthermore, In many cases, autoimmune diseases such as systemic lupus erythematosus, Hashimoto's 
thyroiditis, myasthenia gravis, rheumatoid arthritis, Guillain-Barre syndrome, glomerulonephritis, systemic erythemato- 
sus, etc. accompany an abnormal regulation of cellular immunity and humoral immunity and are associated with an 
abnormality or enhancement of the effector function of T cells, B cells and macrophages which is directed to autoanti- 
X gens in the blood. The activation of such cellular components against autoantigens is considered to be related to the 
derangement of the feedback system relevant to autogenous resistance. 

[0006] An autoimmune disease produces symptoms in one or more specific sites of the various organs of the body 
but is characterized in that such symptoms have much in common in the multiple sites. Moreover, there is a character- 
istic tendency that these symptoms are invariably chronic, subside unaccountably at times or flare up spontaneously, 

35 and are even associated with symptoms in other organs in the manner of a chain reaction. 

[0007] It is generally acknowledged that such autoimmune diseases cause the appearance of autoantibodies in the 
blood, inappropriate Class II antigen expression, macrophage activation, and T-cell infiltration into target organs, and 
the like. However, the trigger mechanism involved in the activation of autoimmune diseases has not been made clear, 
nor has the mechanism of progression of autoimmune diseases been elucidated. Therefore, both prophylactic and ther- 

40 apeutic methods are still in quite unsatisfactory state today. 

[0008] For suppressing of autoimmune diseases, various therapeutic methods inclusive of administration of drugs 
such as gold salts, methotrexate, antimalarials, glucocorticoids (e.g. methylprednisolone), etc.; plasmapheresis; resist- 
ance induction, etc. have been attempted but in efficacy as well as in terms of side effects, none have proved satisfac- 
tory enough. 

4s [0009] There is an urgent need, therefore, for the development of drugs which could suppress autoimmune dis- 
eases with little risk for side effects. 

SUMMARY OF THE INVENTION 

so [0010] in the above state of the art, the present invention has an object to provide a pharmaceutically useful IgE 
antibody production inhibitor comprising a substance having IgE antibody production inhibitory action as an active 
ingredient. A further object of the invention, in the above state of the art, is to create an entirely new autoimmune dis- 
ease suppressant. 

[0011] The first aspect of the present invention is an IgE antibody production inhibitor comprising a heterocyclic 
55 amide compound of the following general formula (1 ) or a pharmaceutically acceptable salt thereof as an active ingre- 
dient; 



2 
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wherein R represents a hydrogen atom, alkyl, -CHO, -COOH. -CONH 2 , -COR 1 , -COOR 1 , -CONHOR 1 , -CONHR 1 , 
CONR'R 1 ', -CONHS0 2 R 1 , -COSR 1 , -COCOR 2 , -COCOOR 2 , -CONHCOOR 2 , -COCONR 3 R 4 , -CSXR 1 , -S0 2 WR 1 , • 
S0 2 NR 1 R v or-SO z E; 

R 1 and R 1 ' may be the same or different and each represents alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, het- 
eroaryl, heteroarylalkyl, heterocycle or heterocyclic alkyl; 

R 2 R a and R 4 may be the same or different and each represents a hydrogen atom, alkyl or arylalkyl, or R 3 and R 4 

of -NR 3 R 4 may be combined each other to form a heterocycle; 

X represents a single bond, an oxygen atom, a sulfur atom, or -NH-; 

W represents a single bond, -NH-, -NHCO-, -NHCOO- or -NHCONH-; 

E represents hydroxyl group or amino; 

R s , R 6 and R 7 may be the same or different and each represents a hydrogen atom or alkyl, or one of R 5 , R 8 and 
R 7 represents aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl, with each of the remain- 
ing two representing a hydrogen atom; 

M represents a carbon atom or a nitrogen atom and when M represents a nitrogen atom, R 6 does not exist; 
Y represents cycloalkyl, aryl or heteroaryl; 

Z represents a hydrogen atom, -CF 2 R a , -CF 2 CONR 9 R 1t1 , -CF 2 COOR 9 , -COOR 9 , -CONR 9 R 10 , a group of the fol- 
lowing formula (I), a group of the following formula (ii), or a group of the following formula (iii); 
R 8 represents a hydrogen atom, halogen, alkyl, perfluoroalkyl, aminoalkyi, alkylaminoalkyl, dialkylaminoalkyl, 
alkoxyalkyl, hydroxyalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl; R 9 and R 10 
may be the same or different and each represents a hydrogen atom, alkyl, alkenyl, cycloalkyl, cycloalkylalkyl, het- 
erocyclic alkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl, or R 9 and R 10 of -NR 9 R 10 
may be combined each other to form a heterocycle; 
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wherein a, b, c and d respectively represents a carbon atom or one ol a, b, c and d represents a nitrogen atom with 
each of the remaining three representing a carbon atom; 

R 11 , R 1Z , R 13 and R 14 may be the same or different and each represents a hydrogen atom, alkyl, aryl, arylalkyl, 
heteroaryl,' heteroarylalkyl, halogen, trifluoromethyl, cyano, nitro, -NR 17 R 17 , -NHSO z R 17 , -OR 17 , -COOR 17 , - 
5 CONHS0 2 R 17 or -CONR 17 R ir ; provided that when one of a, b, c and d represents a n'trogen atom, R 11 , R 12 , R 13 
or R 14 combined to the nitrogen atom mentioned for a, b, e or d does not exist; 

R 15 and R 16 may be the same or different and each represents a hydrogen atom, alkyl, aryl, arylalkyl, heteroaryl, 
heteroarylalkyl, halogen, trifluoromethyl, cyano, nitro. -NR 17 R 17 ', -NHS0 2 R 17 , -OR 17 , -COOR 17 , -CONHS0 2 R 17 or 
-CONR 17 R 17 '; 

io R 17 and R 17 may be the same or different and each represents a hydrogen atom, alkyl. cycloalkyl, cycloalkylalkyl, 
aryl, arylalkyl, heteroaryl. heteroarylalkyl or trifluoromethyl, or R 1? and R 17 ' of -NR 17 R 17 ' may be combined each 
other to form a heterocycle; 

A represents an oxygen atom, a sulfur atom or -NR ia -; R 18 represents a hydrogen atom, alkyl, cycloalkyl or 
cycloalkylalkyl; 
is n represents 0 or 1; 

said alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl, heteroarylalkenyl, het- 
erocycle and heterocyclic alkyl may be substituted by one or more substituents respectively. 

[0012] In the preferred embodiment of the first aspect of the present invention, said IgE antibody production Inhib- 
a? Itor Is a prophylactic agent for bronchial asthma, a prophylactic agent for allergic rhinitis, a prophylactic agent for allergic 
dermatitis, a therapeutic agent for bronchial asthma, a therapeutic agent for allergic rhinitis, or a therapeutic agent for 
allergic dermatitis. 

[0013] The second aspect of the present invention is an autoimmune disease suppressant comprising a heterocy- 
clic amide compound of the above general formula (1 ) or a pharmaceurjcally acceptable salt thereof as an active ingre- 
ss dient. 

[0014] In the preferred embodiment of the second aspect of the present Invention, said autoimmune disease sup- 
pressant is a prophylactic agent for systemic lupus erythematosus, a prophylactic agent for Hashimoto's thyroiditis, a 
prophylactic agent for myasthenia gravis, a prophylactic agent for rheumatoid arthritis, a prophylactic agent for Guillain- 
Barre syndrome, a prophylactic agent for glomerulonephritis, a prophylactic agent for systemic erythematosus, a ther- 
30 apeutic agent tor systemic lupus erythematosus, a therapeutic agent for Hashimoto's thyroiditis, a therapeutic agent for 
myasthenia gravis, a therapeutic agent for rheumatoid arthritis, a therapeutic agent for Guillain-Barre syndrome, a ther- 
apeutic agent for glomerulonephritis or a therapeutic agent for systemic erythematosus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0015] 

Fig. 1 1s a diagram showing the antiarthritic effect (hind paw volume) found In Test Example 2. 
Fig. 2 is a diagram showing the antiarthritic efficacy (severity score) found in Test Example 2. 
to Fig. 3 is a diagram showing the measured anti-ssDNA antibody titer in Test Example 2. 

Fig. 4 is a diagram showing the measured anti-Type II collagen antibody titer in Test Example 2. 

DISCLOSURE OF INVENTION 

45 [0016] The first aspect of the present invention is an IgE antibody production inhibitor comprising a heterocyclic 
amide compound of the following general formula (1 ) or a pharmaceutical^ acceptable salt thereof as an active ingre- 
dient; 



50 
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wherein R represents a hydrogen atom, alkyl, -CHO, -COOH, -CONH 2 , -COR 1 , -COOR 1 . -CONHOR 1 , -CONHR 1 , 
CONR 1 R r , -CONHS0 2 R 1 , -COSR 1 , -COCOR 2 , -COCOOR 2 -CONHCOOR 2 -COCONR 3 R 4 , -CSXR 1 , -SOgWR 1 , - 
S0 2 NR 1 R 1 'or-S0 2 E; 

R 1 and R 1 may be the same or different and each represents alkyl, cycloalkyl. cycloalkylalkyl, aryl, arylalkyl, het- 
eroaryl, heteroarylalkyl, heterocycle or heterocyclic alkyl; 

R z , R 3 and R 4 may be the same or different and each represents a hydrogen atom, alkyl or arylalkyl, or R 3 and R 4 

of -NR 3 R 4 may be combined each other to form a heterocycle; 

X represents a single bond, an oxygen atom, a sulfur atom, or -NH-; 

W represents a single bond, -NH-, -NHCO-, -NHCOO- or -NHCONH-; 

E represents hydroxyl group or amino; 

R 5 , R 6 and R 7 may be the same or different and each represents a hydrogen atom or alkyl, or one of R 5 , R 6 and 
R 7 represents aryl, arylalkyl, arylalkenyl. heteroaryl, heteroarylalkyl or heteroarylalkenyl, with each of the remain- 
ing two representing a hydrogen atom; 

M represents a carbon atom or a nitrogen atom and when M represents a nitrogen atom, R 6 does not exist; 
Y represents cycloalkyl, aryl or heteroaryl; 

Z represents a hydrogen atom, -CF 2 R 8 , -CF 2 CONR 9 R , °, -CFgCOOR 9 , -COOR 9 , -CONR 9 R 10 , a group of the fol- 
lowing formula (i), a group of the following formula (ii), or a group of the following formula (iil); 
R 8 represents a hydrogen atom, halogen, elkyl, perfluoroalkyl. aminoalkyl, alkylaminoalkyl. dialkylaminoalkyl, 
alkoxyalkyl, hydroxyalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl; R 9 and R 10 
may be the same or different and each represents a hydrogen atom, alkyl, alkenyl, cycloalkyl, cycloalkylalkyl, het- 
erocyclic alkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl, or R 9 and R 1c of -NR 9 R 10 
may be combined each other to form a heterocycle; 
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wherein a, b, o and d respectively represents a carbon atom or one of a, b, c and d represents a nitrogen atom with 
each of the remaining three representing a carbon atom; 

R 11 , R 12 , R 13 and R 14 may be the same or different and each represents a hydrogen atom, alkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, halogen, trifluorometnyl, cyano, n'rtro, -NR 17 R 17 ', NHSO z R 17 , -OR 17 , COOR 17 , - 
5 CONHS0 2 R 17 or-CONR 17 R 17 '; provided that when one of a, b, c and d represents a nitrogen atom, R 11 , R 12 , R 13 
or R 14 combined to the nitrogen atom mentioned for a, b, c or d does not exist; 

R 15 and R ,e may be the same or different and each represents a hydrogen atom, alkyl, aryl, arylalkyl, heteroaryl, 
heteroarylalkyl, halogen, trifluorometnyl, cyano, nitro, -NR 17 R 17 ', -NHS0 2 R 17 -OR 17 , -COOR 17 , -CONHS0 2 R 17 or 
-CONR 17 R 17 '; 

w R 1 7 and R 1 7 may be the same or different and each represents a hydrogen atom, alkyl, eycloalkyl, cycloalkylalkyl. 
aryl, arylalkyl, heteroaryl, heteroarylalkyl or trifluoromethyl, or R 17 and R 17 ' of -NR 17 R 17 may be combined each 
other to form a heterocycle; 

A represents an oxygen atom, a sulfur atom or -NR 18 -; R 18 represents a hydrogen atom, alkyl, eycloalkyl or 
cycloalkylalkyl; 
f5 n represents 0 or 1 ; 

said alkyl, eycloalkyl, cycloalkylalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl, heteroarylalkenyl, het- 
erocycle and heterocyclic alkyl may be substituted by one or more substituents respectively. 

[0017] The alkyl for R, R 1 , R 1 , R 2 , R 3 , R 4 , R 5 , R 6 . R 7 . R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 16 , R 16 , R 17 , R 17 ' and R 18 
x is not particularly limited but is preferably a straight-chain or branched-chain alkyl having 1 -6 carbon atoms. Specifi- 
cally, said alkyl includes, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, 
Isopentyl, n-hexyl, and the like. 

[0018] The eycloalkyl for R 1 , R r , R 9 , R 10 , R 17 , R 17 , R 18 and Y is not particularly limited but is preferably a eycloalkyl 
having 3-7 carbon atoms. Specifically, said eycloalkyl includes, for example, cyclopropyl, cyclobutyl, cyclopentyl, 

ss cyclohexyl, cycloheptyl, and the like. 

[0019J The cycloalkylalkyl for R 1 , R 1 ', R 9 , R 10 , R 17 , R 17 " and R 18 is not particularly limited but Is preferably a group 
consisting of a eycloalkyl moiety which may bss any of the eycloalkyl groups mentioned above and an alkyl moiety having 
1-3 carbon atoms. Specifically, said cycloalkylalkyl includes, for example, cyclopropylmethyl, 2-cyclobutylethyl, 3- 
cyclopentylpropyl, cyclohexylmethyl, 2-cyclohexyiethyl, cycloheptylmethyl, and the like. 

so [0020] The aryl tor R 1 , R 1 ', R 5 , R e , R 7 , R B , R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 15 , R 16 , R 17 , R 17 ' and Y is not particularly 
limited but Includes, for example, phenyl, naphthyl; an ortho-combined bicydic group such as indenyl, which comprises 
8 -10 ring atoms and at least one of the rings of which is an aromatic ring. 

[0021] The arylalkyl for R 1 , R 1 ', R z , R 3 R 4 , R 5 , R 6 , R 7 , R 8 , R 9 , R 10 , R 11 , R 12 , R 13 R 14 , R 15 , R 16 , R 17 and R 17 * is 
not particularly limited but is preferably a group consisting of an aryl moiety which may for example be any of said aryl 
35 groups and an alkyl moiety comprising a straight-chain or branched-chain alkyl having 1-3 carbon atoms. Specifically, 
said arylalkyl includes, for example, benzyl, phenethyl, 3-phenylpropyl, 1-naphthylmethyl, 2-naphthylmethyl, 2-(1-naph- 
thyl)ethyl, 2-(2-naphthyl)ethyl, 3-(1 -naphthyl)propyl, 3-(2-naphthyl)propyl, and the like. 

[0022] The arylalkenyl for R 5 , R 6 and R 7 is not particularly limited but Is preferably a group consisting of an aryl moi- 
ety which may for example be any of said aryl groups and an alkenyl moiety comprising a straight-chain or branched- 
40 chain alkenyl having 2-6 carbon atoms. Specifically, said arylalkenyl Includes, for example, 3-phenyl-2-propenyl, 4-phe- 
nyl-3-butenyl, 5-phenyl-4-pentenyl, 6-phenyl-5-hexenyl, 3-(1 -naphthyl)-2-propenyl, 4-(2-naphthyl)-3-butenyl, and the 
like. 

[0023] The arylalkenyl for R 8 , R 9 and R 10 is not particularly limited but is preferably a group consisting of an aryl 
moiety which may for example be any of said aryl groups and an alkenyl moiety comprising a straight-chain or 
45 branched-chain alkenyl having 3-6 carbon atoms. As specific examples, 3-phenyl-2-propenyl and 4-phenyl-3-butenyl 
can be mentioned. 

[0024] The heteroaryl for R 1 , R 1 , R 5 , R 6 , R 7 , R a , R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 1& , R 16 , R 17 , R 17 ' and Y is not par- 
ticularly limited but preferably includes, for example, a 5- or 6-membered cyclic group comprising a carbon atom(s) and 
1-4 hetero atom(s) (oxygen, sulfur and/or nitrogen atom(s)); an ortho-combined bicyclic heteroaryl having 8-10 ring 

so atoms which is derived from the 5-or 6-membered cyclic group mentioned just above; a benzene derivative; a group 
derived by combining propenylene, trimethylene ortetramethylene group with a benzene derivative; and an benzene 
derivative IM-oxide, and the like. As specific examples, there can be mentioned pyrrolyl, furyl, thienyl, oxazolyl, isoxa- 
zoiyl, imidazolyl, thiazolyl, isothiazolyl, pyrazolyl, triazolyl, tetrazolyl, 1,3,5-oxadiazolyl, 1 ,2,4-oxadiazolyl, 1,2,4-thiadia- 
zolyl, pyridyl, pyranyl, pyrazinyl, pyrlmidlnyl, pyridazinyl, 1,2,4-triazinyl, 1 ,2,3-triazinyl, 1 ,3,5-trlazinyl, benzoxazolyl, 

55 benzothiazolyl, benzlmidazolyl, thianaphthenyl, Isothlanaphthenyi, benzofuranyl, isobenzofuranyl, chromenyl, Isoin- 
dolyl, indolyl, inda2olyl, isoquinolyl, quinolyl, phthalazinyl, quinoxalinyl, quinazolinyl, cinnolinyl, benzoxazinyl, and so on. 
[0025] The heteroarylalkyl for R 1 , R 1 ', R 5 , R 6 , R 7 , R 8 . R 9 , R 10 , R 11 , R 1p , R 13 , R 14 , R 1B , R 1fi , R 17 and R 17 * is not par- 
ticularly limited but is preferably a group consisting of a heteroaryl moiety which may for example be any of said heter- 
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oaryl groups and an alkyl moiety comprising a straight-chain or branched-chain alkyl having 1 -3 caibon atoms. As 
specific examples, there can be mentioned 2-pyrrolylmethyl, 2-pyridylmethyt, 3-pyridylmethyl, 4-pyridylmethyl, 2- 
thienylmethyl, 2-(2-pyhdyl)ethyl, 2-(3-pyridyl)ethyl, 2-(4-pyridyl)ethyl, 3-(2-pyrrolyl)propyl and so on. 
[0026] The heteroarylalkenyl for R 5 , R 6 and R 7 is not particularly limited but is preferably a group consisting of a 
s heteroaryl moiety which may for example be any of said heteroaryl groups and an alkenyl moiety comprising a straight- 
chain or branched-chain alkenyl having 2-6 carbon atoms. As specific examples, 3-(2-pyridyl)-2-propenyl, 4-(3-pyridyl)- 
3-butenyl, 5-(2-pyrrolyl)-4-pentenyl, 6-(2-thienyl)-5-hexenyl, etc. can be mentioned. 

[0027] The heteroarylalkenyl for R 8 , R 9 and R 10 is not particularly limited but is preferably a group consisting of a 
heteroaryl moiety which may for example be any of said heteroaryl groups and an alkenyl moiety comprising a straight- 
w chain or branched-chain alkenyl having 3-6 carbon atoms. As specific examples, 3-(2-pyrldyl)-2-propenyl, 4-(2-pyridyl)- 
3-butenyl, and the like can be mentioned. 

[0028] The heterocyde for R 1 and R 1 is a 4- through 6-membered cyclic group having a carbon atom(s) and 1-4 
hetero atom(s) (oxygen, sulfur and/or nitrogen atom(s)). This heterocyde is not particularly limited but includes, for 
example, azetidinyl, pyrrolidinyl, piperidinyl, piperidino, piperazinyl, morphofinyl, morpholino, thiomorpholinyl, oxothio- 

15 morpholinyl, dioxothiomorpholinyl, tetrahydropyranyl, dioxacyclohexyl, and the like. 

[0029] The heterocyde represented by -NR 3 R 4 , -NR 9 R 10 or -NR 17 R ir is a 4- through 6-membered cyclic group 
comprising a carbon atom(s) and at least one nitrogen atom, optionally having other hetero atom(s) (oxygen and/or sul- 
fur atom(s)). The heterocyde for -NR 3 R 4 , -NR 9 R 10 and -NR 17 R 17 is not particularly limited but includes, for example, 
azetidinyl, pyrrolidinyl. piperidino, piperazinyl, morpholino, thiomorpholino, oxothiomorpholino, djoxothiomorphollno, 

a> and the like. 

[0030] The heterocydic alkyl for R 1 , R 1 ', R 9 and R 10 is not particularly limited but is preferably a group consisting 
of a heterocyde moiety including examples of the heterocyde for R 1 and R 1 mentioned above and an alkyl moiety com- 
prising a straight-chain or branched-chain alkyl having 1-3 carbon atoms. Specifically, said heterocydic alkyl includes, 
for example, azetidinylethyl, pyrrolidinylpropyl, piperidlnylmethyl, piperidinoethyl, piperazinylethyl, morpholinylpropyl, 
as morpholinomethyl, thiomorpholinylethyl, oxothiomorpholinylethyl, dioxothlomorpholinylethyl, tetrahydropyranylpropyl, 
dloxacyclohexylmethyl, and the like. 

[0031] The halogen for R 8 , R 11 , R 1Z , R 13 , R 14 , R 15 and R 16 is not particularly limited but includes, for example, flu- 
orine, chlorine, bromine and iodine. 

[0032] The perfluoroalkyl for R 8 Is not particularly limited but is preferably a straight-chain or branched-chain group 
30 having 1 ~6 carbon atoms. As specific examples, trifluoromethyl, pentafluoroethyl, heptafluoropropyl, etc. can be men- 
tioned. 

[0033] The aminoalkyl for R 8 is not particularly limited but is preferably a group whose alkyl moiety comprises a 
straight-chain or branched-chain alkyl having 1 -6 carbon atoms. As specific examples, aminomethyl, aminoethyl, ami- 
nopropyl, aminobutyl, aminopentyl, aminohexyl, etc. can be mentioned. 
35 [0034] The alkylaminoalkyl for R 8 is not particularly limited but is preferably a group whose alkyl moieties respec- 
tively comprises a straight-chain or branched-chain alkyl having 1-6 carbon atoms. As spedfic examples, methylami- 
nomethyl, methylamlnoethyl, ethylaminopropyl, ethylaminobutyl, methylamlnopentyl, methylaminohexyl, etc. can be 
mentioned. 

[0035] The dialkylaminoalkyl for R 8 is not particularly limited but is preferably a group whose alkyl moieties respec- 
40 tively comprises a straight-chain or branched-chain alkyl having 1 ~6 carbon atoms. As specific examples, dimethylami- 
nomethyl, dimethylaminoethyl, diethylaminopropyl, diethylaminobutyl, dimethylaminopentyl, dimethylaminohexyl, etc. 
can be mentioned. 

[0036] The alkoxyalkyl for R 8 is not particularly limited but is preferably an alkoxyalkyl group consisting of an alkoxy 
moiety comprising a straight-chain or branched-chain alkoxy having 1 -6 carbon atoms Bnd an alkyl moiety comprising 
45 a straight-chain or branched-chain alkyl having 1 -6 carbon atoms. As specific examples, methoxymethyl, methoxye- 
thyl, ethoxypropyl, ethoxybutyl, methoxypentyl, methoxyhexyl, etc. can be mentioned. 

[0037] The hydroxyalkyl for R 8 is not particularly limited but Is preferably a hydroxyalkyl group whose alkyl moiety 
is a straight-chain or branched-chain alkyl having 1-6 carbon atoms. As specific examples, hydroxymethyl, hydroxye- 
thyl, hydroxypropyl, hydroxybutyl, nydroxypentyl, hydroxyhexyl, etc. can be mentioned. 
so [0038] The alkenyl for R 9 and R 10 is not particularly limited but is preferably a straight-chain or branched-chain alke- 
nyl having 3-6 carbon atoms. As specific examples, 2-propenyl, 3-butenyl, 4-pentenyl, 5-hexenyl, etc. can be men- 
tioned. 

[0039] The alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl, heteroarylalke- 
nyl, heterocyde and heterocyclic alkyl mentioned above may each be substituted by one or more substltuents men- 
55 tioned below. 

[0040] The substituent(s) mentioned above include, for example, halogen, hydroxyl group, nitro, cyano, trifluorome- 
thyl, alkyl, alkoxy, alkylthio, formyl, acyloxy, oxo, phenyl, arylalkyl, -COOR a , - CH 2 COOR a , - OCH 2 COOR a , -CONR b R c , 
-CH 2 CONR b R c , -OCH 2 CONR b R c , -COO(CH 2 ) 2 NR e R f , -SC^T 1 , -CONR%0 2 T 1 , -NR e R f , -NR B CHO, -NR°COT 8 , - 
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NR9COOT 2 , -NR h CQNR'Ri, -NR k S0 2 T 3 , -S0 2 NR l R m , -SC^NR n COr 4 and the like. 

[0041] The halogen mentioned above is not particularly limited but Includes the species exemplified In the descrip- 
tion of the general formula (1 ). 

[0042] The alkyl mentioned above is not particularly limited but includes the species mentioned in the description 
5 of the general formula (1 ). 

[0O43] The arylalkyl mentioned above is not particularly limited but includes the species mentioned in the descrip- 
tion of the general formula (1). 

[0044] The alkoxy mentioned above is not particularly limited but is preferably a straight-chain or branched-chain 
alkoxy having 1 ~6 carbon atoms. As specific examples, methoxy, ethoxy, propoxy, butoxy, pentyloxy, hexyloxy, etc. can 
io be mentioned. 

[0045] The alkylthio mentioned above is not particularly limited but is preferably a straight-chain or branched-chaln 
atkytthio having 1-6 carbon atoms. As specific examples, methylthio, ethytthio, propylthio, butylthio, pentylthio, hexy- 
Ithio, etc. can be mentioned. 

[0046] The acyloxy mentioned above is not particularly limited but is preferably a straight-chain or branched-chain 
15 acyloxy having 1-6 carbon atoms. As specific examples, formyloxy, acetyloxy, propionyloxy, butyryloxy, valeryloxy, 
pivaloyloxy, hexanoyloxy, etc. can be mentioned. 

[0047] R a , R b , R c , R d , R 6 , R f , RS, R h , R', Rj, R k , R 1 , R m and R" respectively represents a hydrogen atom, alkyl or 
arylalkyl. The alkyl mentioned just above is not particularly limited but includes the species exemplified in the descrip- 
tion of the general formula (1). The arylalkyl is not particularly limited, either, but includes the species exemplified in the 
20 description of the general formula ( 1 ). 

[0048] -NR b R°, -NR e R', -NR'R 1 and -NR l R m each may, taken together with the nitrogen atom to form a heterocycle. 
This heterocycle is not particularly limited but includes, tor example, the heterocyclic groups exemplified for -NR 3 R 4 , - 
NR 9 R 10 and -NR^R 17 . 

[0049] Furthermore, -NR*R' may represent a heteroaryl having =0. The heieroaryl mentioned just above is not par- 
25 ticularty limited but includes, for example, 2-pyrrolidirton-l -yt, succinimido, oxazolidin-2-on-3-yl, 2-benzoxazolinon-3-yl, 
phthalimldo, cis-hexahydrophthallmido, and the like. 

[0050] T 1 , T 2 , T 3 and T 4 each represents the same groups for R 1 as mentioned above. T 1 , T 2 , T 3 and T 4 may, fur- 
ther, be substituted by the substituent(s) mentioned hereinbefore. 
[0051 ] Q represents =0 or =S. 
ao [0052] For example, when R in the general formula (1 ) represents alkyl or -COR 1 (R 1 = alkyl), the alkyl may be sub- 
stituted by -COOR*. 

[0053] Furthermore, -CF 2 CONR 9 R 10 for 2 in the general formula (1 ) may be a group of the formula -CF 2 CON(R 9 ')- 
D^CONR^R 20 . In this case, R 9 ' represents a hydrogen atom, alkyl or arylalkyl; R 19 and R 20 may be the same or dif- 
ferent and each represents a hydrogen atom, alkyl, alkenyl, cycloalkyl, cycloalkylalkyl, heterocyclic alkyl, aryl, arylalkyl, 
35 arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkerryl, or R 19 and R 20 of -NR 19 R Z0 may be combined each other 
to form a heterocycle; 

D 1 represents a group of the following formula (ivj, a group of the following formula (v) or a group of the following 
formula (vi); 
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(v) 



15 




(CHj). 




(CHj), 



so 



wherein R 21 and R 22 may be the same or different and each represents a hydrogen atom, alkyl, arylalkyl or heter- 
oarylalkyl; R 21 and R 22 may be combined to represent a methylene chain having 2-6 carbon atoms; 
m represents 1, 2, 3, 4, 5 or 6; 

w G represents a single bond, an oxygen atom, a sulfur atom or -NR 23 -, wherein R 23 represents a hydrogen atom, 
alkyl or arylalkyl; 

p and r may be the same or different and each represents 0, 1 , 2 or 3; 
s and t represent Integers whose sum Is equal to 1 ~6. 

x [0054] The alkyl, arylalkyl, alkenyl, cycloalkyl, cycloalkylalkyl, heterocyclic alkyl, aryl, arylalkyl, arylalkenyl, heter- 
oaryl, heteroarylalkyl, heteroarylalkenyl and heterocycle mentioned above are respectively not particularly limited but 
include the groups exemplified in the description of the general formula (1 ). Furthermore, these groups may be respec- 
tively substituted by the substituent(s) mentioned hereinbefore. 

[0055] Furthermore, -CF 2 CONR 9 R'° for Z in the general formula (1 ) may be a group of the formula -CF 2 CON(R 9 ") 
« - (CH 2 ) u -COOR 24 or a group of the formula -CFgCONlR^-D 2 . In this case, R 9 " represents a hydrogen atom, alkyl or 
arylalkyl; R M represents a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, 
heterocycle or heterocyclic alkyl; u represents 1 , 2 or 3; and D 2 represents a group of the following formula (vii): 



wherein R 25 represents a hydrogen atom, alkyl, alkoxy or halogen. 

[0056] The alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyi, heteroaryl, heteroarylalkyl, heterocycle, heterocyclic 
alkyl, alkoxy and halogen mentioned above are not particularly limited but respectively include the groups exemplified 
so in the description of the general formula (1 ). Furthermore, these groups may have the substituent(s) mentioned herein- 
before. 

[0057] The compound of the general formula (1 ) may exist as optically active substances as well as a racemic cam- 
pound with respect to the asymmetric carbon attached to the - (CH 2 ) n -Y group, and the racemic compound can be 
resolved Into the respective optical isomers by a known procedure. Moreover, when the compound of the general for- 
55 mula ( 1 ) has an additional asymmetric carbon, it may exist as a mixture of diastereomere or each diastereomer. The 
mixture can also be separated into the respective diastereomers by a known procedure. 

[0058] The compound of the general formula (1 ) may show polymorphism and may also exist as a plurality of tau- 
tomers. Moreover, the compound of the general formula (1) may exist as a solvate such as a ketonate or a hydrate. 




(Vii) 
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Therefore, the compound of the general formula (1) includes all of said stereoisomers, optical isomers, polymorphs, 
tautomers, solvates, and optional mixtures thereof. 

[0059] In this specification, the pharmaceutically acceptable salt is not particularly limited and may include any type 
of salts In routine use In this field, for example, salts with mineral acids such as hydrochloric acid, sulfuric acid, nitric 
5 acid, phosphoric acid, hydrofluoric acid, hydrobromic acid, etc.; salts with organic acids such as formic acid, acetic acid, 
tartaric acid, lactic acid, citric acid, fumarte acid, maleic acid, succinic acid, methanesuHbnic acid, ethanesutfonic acid, 
benzenesulfonic acid, toluenesulfonic acid, naphthalenesulfonic acid, camphorsulfonic acid, etc.; and salts with alkali 
metals or alkaline earth metals, such as sodium, potassium, calcium and so on. 

[0060] The compound of the general formula (1 ) is described as a compound having chymase inhibitory action in 
io WO 96/39373, Japanese Kokai Publication Hei-1 0-7661 , International Patent Application PCT/JP97/03839. and Japa- 
nese Application Hei-9-353S72. The process for these compounds is also disclosed in the above patent literatures. 
[0061] With regard to chymase, h is known that when the chymase activity localized in mast cells is inhibited, the 
release of histamine via IgE receptor from the mast cells will be suppressed (Kido H. et al., Biochem. Int., Jfi, 863-871 , 
1985). Moreover, Japanese Kokai Publication Hei-8-208654 discloses a compound having chymase inhibitory action 
is which shows histamine release-suppressive action. 

[0062] However, it was discovered by the present inventors in the course of their research that the heterocyclic 
amide compound of the present invention has very feeble histamine release-suppressive action (some species show 
no suppressive action with the use of even 1 mM), while the compound has very high chymase inhibitory action. K was, 
therefore, a discovery unpredictable from the knowledge of said histamine release suppressive action that the hetero- 
20 cyclic amide compound of the present invention has excellent IgE antibody production inhibitory action which is quite 
different from histamine release suppressive action, and that, based on this action, the compound Is very effective as 
an active ingredient of the IgE antibody production inhibitor. 

[0063] The IgE antibody production inhibitor of the present invention can be provided in a suitable dosage form by 
formulating a heterocyclic amide compound of the general formula (1 ) or a pharmaceutically acceptable salt thereof as 
25 an active ingredient with the suitable conventional diluents and other additives and be administered to humans or ani- 
mals by the method suitable for the each dosage form. 

[0064] With regard to administration of the heterocyclic amide compound of the general formula (1 ) or Its pharma- 
ceutically acceptable salt according to the present invention as a drug for humans or animals, it can be administered to 
animals including humans either as it is or in the form of a pharmaceutical composition prepared by formulating for 
30 example 0. 1 ~99.5%, preferably 0.5~90%, of the compound or its salt in a pharmaceutically acceptable, nontoxic and 
inert carrier. 

[0065] Aa the carrier mentioned Just above, one or more diluents, fillers and other formulating additives which are 
solid, semisolid or liquid can be used. The compound or its pharmaceutically acceptable salt of the present invention is 
preferably administered in a unit dosage form. The compound or its pharmaceutically acceptable salt of the invention 
35 can be safely administered orally or nonoralty. The nonoral administration Includes local administration such as Intersti- 
tial administration, subcutaneous administration, intramuscular administration, intra-arterial/venous administration, and 
the like. 

[0066] Oral administration can be earned out by using solid or liquid dosage units prepared by the conventional pro- 
cedures, such as neat powders, powders, tablets, sugar-coated tablets, capsules, granules, suspension, solution, 
40 syrup, drops, sublingual tablets, and so on. 

[0067] If necessary, an oral dosage unit formulation may be microencapsulated. The same formulation may also be 
coated or embedded in a polymer, wax, etc. for prolonged action or sustained release. 

[0068] Nonoral administration can be carried out by using liquid unit dosage forms prepared by the conventional 
procedures, such as a parenteral solution or suspension. 

4s [0069] Among such administration methods, oral administration and intravenous administration by injection are pre- 
ferred. Of course, administration should be made in a dosage form suited for each administration method. 
[0070] The dosage of the compound of the present invention is preferably established in consideration of the patient 
background inclusive of age and body weight, the nature and severity of illness, etc. For oral administration of the com- 
pound to humans as an autoimmune disease suppressant, for instance, 0.1-100 mg/kg/day, preferably 0.6-10 

so mg/kg/day, on an adult basis can be administered in a single dose or in a few divided doses a day. For nonoral admin- 
istration, although the dosage varies fairly much with different routes of administration, usually 0.001-1 0 mg/kg/day can 
be administered in a single dose or in a few divided doses a day. 

[0071 J The IgE antibody production inhibitor according to the first aspect of the present invention is preferably a pro- 
phylactic agent for bronchial asthma, a prophylactic agent for allergic rhinitis, a prophylactic agent for allergic dermatitis, 
55 a therapeutic agent for bronchial asthma, a therapeutic agent for allergic rhinitis or a therapeutic agent for allergic der- 
matitis. 

[0072] When the compound of the present invention is to be administered orally as the prophylactic agent for bron- 
chial asthma, prophylactic agent for allergic rhinitis, prophylactic agent for allergic dermatitis, therapeutic agent for bron- 
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chial asthma, therapeutic agent for allergic rhinitis or therapeutic agent for allergic dermatitis, 0.1-100 mg/kg/day, 
preferably 0.1—1 mg/kg/day, can be administered in a single dose or in a few divided doses a day. For nonoral admin- 
istration, usually 0.001 ~1 mg/kg/day can be administered in a single dose or in a few divided doses a day. 
[0073] The IgE antibody production inhibitor of the present invention can be administered orally or nonorally to ani- 

s mals except humans as well, for example domestic fowls and animals, such as chickens, swine, bovine, etc., and even 
to fish. For oral administration, it Is generally preferable to administer a composition prepared by mixing the active com- 
pound with the conventional carriers (for example, defatted rice bran, defatted soybean meal, wheat bran, lactose, 
water, etc.) or a mixture of either such a composition or the compound of the invention as such with animal feedstufls 
or water. The animal feedstuffs mentioned above may be the materials which are generally utilized as foods for animals, 

ro such as corn, wheat bran, rice grains, wheat grains, cottonseed cake, milo, soybean cake, fish meal, defatted rice bran, 
oils and tats, calcium carbonate, calcium phosphate, sodium chloride, vitamins, magnesium sulfate, iron sulfate and so 
forth. Some or all of these materials are used in admixture. 

[0074] The concentration of the compound of the invention in a daily ration can be judiciously selected from the 
range of 50-2000 • ppm. 

15 [0075] Nonoral administration can be made in the same manner as said nonoral administration for humans. 

[0076] The dosage of the compound of the invention is usually 1 0-400 mg/kg/day for oral administration and 5-200 
mg/kg/day for nonoral administration, and the administration is preferably continued for several consecutive days. 
[0077] The second aspect of the present invention is an autoimmune disease suppressant comprising a heterocy- 
clic amide compound of the general formula (1 ) or a pharmaceutically acceptable salt thereof as an active ingredient. 

zo [0078] The term "autoimmune disease suppressant" as used In this specification has the generally accepted mean- 
ing, which Includes both a drug for prevention of an autoimmune disease and a drug for therapy of an autoimmune dis- 
ease. 

[0079] In the present invention, the autoimmune disease includes systemic lupus erythematosus, Hashimoto's thy- 
roiditis, myasthenia gravis, rheumatoid arthritis, Guillain-Barre syndrome, glomerulonephritis and systemic erythemato- 
us sus. 

[00801 The heterocyclic amide compound of the general formula ( 1 ) or its pharmaceutically acceptable salt accord- 
ing to the present invention has excellent antiarthritlc action, autoantibody production-inhibitory action and the like, as 
demonstrated in the test examples given hereunder. Therefore, the heterocyclic amide compound of the general for- 
mula (1 ) or its pharmaceutically acceptable salt of the invention is of great use as an active ingredient of an autoimmune 
3D disease suppressant. 

[0081] The autoimmune disease suppressant of the present invention can be prepared in a suitable dosage form 
by formulating a heterocyclic amide compound of the general formula (1) or its pharmaceutically acceptable salt as an 
active ingredient with suitable conventional diluents and other additives and be administered to humans or other ani- 
mals by the method suitable for the each dosage form. 
35 [0082] The pharmaceutical production method, formulation, dosage form, dosage and the like relating to the 
autoimmune disease suppressant according to the second aspect of the present invention can be similar to those 
described hereinbefore for the first aspect of the invention. 

[0083] The autoimmune disease suppressant according to the second aspect of the present invention is preferably 
a prophylactic agent for systemic lupus erythematosus, a prophylactic agent for Hashimoto's thyroiditis, a prophylactic 

to agent for myasthenia gravis, a prophylactic agent for rheumatoid arthritis, a prophylactic agent for Guillain-Barre syn- 
drome, a prophylactic agent for glomerulonephritis, a prophylactic agent for systemic erythematosus, a therapeutic 
agent tor systemic lupus erythematosus, a therapeutic agent tor Hashimoto's thyroiditis, a therapeutic agent for 
myasthenia gravis, a therapeutic agent for rheumatoid arthritis, a therapeutic agent for Guillain-Barre syndrome, a ther- 
apeutic agent for glomerulonephritis, or a therapeutic agent for systemic erythematosus. 

•»5 [0084] It is also an aspect of the present invention to treat animals inclusive of humans by applying the IgE antibody 
production inhibitor or the autoimmune disease suppressant of the present Invention either orally or nonorally for ther- 
apeutic and/or prophylactic purposes. 

[0085] It is another aspect of the present invention to use the heterocyclic amidB compound of the general formula 
(1) or Its pharmaceutically acceptable salt of the invention for the manufacture of said IgE antibody production Inhibitor 

so and said autoimmune disease suppressant of the invention. 

[0086] Inasmuch as the IgE antibody production inhibitor and the autoimmune disease suppressant of the present 
invention contain said heterocyclic amide compound of the general formula (1) or its pharmaceutically acceptable salt 
as an active ingredient, they fall within the scope of the invention, regardless of whether they contain other ingredients. 
[0087] Since the IgE antibody production Inhibitor and the autoimmune disease suppressant of the present Inven- 

55 tion can be administered each in the form of a pharmaceutical composition to animals inclusive of humans, they can be 
called IgE antibody production inhibitor composition and autoimmune disease suppressant composition, respectively. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0088] The following test examples and production examples illustrate the present invention in further detail and are 
not intended to define the scope of the invention. 

[0089] In the reference examples and examples given below, 1 H-NMR determinations were made at 500 MHz. 
Chemical shifts in 1 H-NMR were measured using TMS as the internal reference and the relative 8 values were 
expressed in parts per million (ppm). As to coupling constants, overt components of multiplicity were expressed in Hertz 
units (Hz) and Indicated as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublets), brs 
(broad singlet) or ABq (AB quartet). Thin-layer chromatography (TIC) and column chromatography were performed 
using Merck's silica gel. Concentration was made by using a rotary evaporator manufactured by Tokyo Rika Kikai, Ltd. 

Reference Example 1 

Synthesis of r5- benzvloxvcarbonvlamino-2-(4-fluorophenvl)-6-oxo-1 .6-dlhvdro-1 -pvrimidinvllacetic acid 
[0090] 

Step (1): Hydrogen chloride was bubbled through a solution of 4-fluorobenzonitrile (50.9 g, 0.420 mol) in ethanol 
(500 ml) to saturation under ice-cooling and the mixture was stirred at room temperature for 21 hours. The solvent 
was distilled off under reduced pressure and the resulting crystals were washed with diethyl ether and dried in 
vacuo to give 78.8 g (yield 92%) of the objective compound ethyl 4-fluorobenzimidate hydrochloride as white crys- 
tals. 

Step (2): To a solution of the objective compound of step (1 ) (78.8 g, 0.387 mol) in ethanol (350 ml) was added ami- 
noacetaldehyde diethyl acetal (62 ml, 0.43 mol) with dropwise under ice-cooling, and the mixture was stirred at 5°C 
for 16 hours. The ethanol was distilled off under reduced pressure and the obtained concentrate was added to 1 N- 
sodlum hydroxide aqueous solution (750 ml) and extracted wtih chloroform. The extract was dried over anhydrous 
magnesium sulfate and the solvent was distilled off under reduced pressure to recover a colorless oil containing the 
objective compound N-(2,2-diethoxyethyl)-4-fluorobenzamidine. 

Step (3): To a solution of the objective compound of step (2) (the crude product obtained by the above reaction) in 
ethanol (150 ml) was added diethylethoxymethylene malonate (86 ml, 0.43 mmol) with dropwise at room tempera- 
ture. After completion of the dropwise addition, the mixture was heated to 1 00°C and stirred for 3 hours. The solvent 
was distilled off underreduced pressure and the obtained residue was purified by silica gel column chromatography 
(1:1 ethyl acetate-hexane) to give 135 g [yield 92% from me objective compound synthesized in step (1)] of the 
objective compound ethyl 1-(2,2-diethoxyethyl)-2-(4-fluorophenyl)pyrimidin-6(1H)-one-5-carboxylate as a light-yel- 
low oil. 

Step (4): To a solution of the objective compound of step (3) (135 g, 0.358 mol) in pyridine (480 ml) was added lith- 
ium iodide (120 g, 0.895 mol), and the mixture was stirred under heating at 100°C for 16 hours. Afterthe organic 
solvent was distilled off under reduced pressure, toluene (1 00 ml) was added, and the residual trace of pyridine was 
distilled off under reduced pressure. The residue was added to saturated sodium hydrogencarbonate aqueous 
solution (500 ml) and the compounds except the carboxylic acid was extracted with ethyl acetate. After the insoluble 
matter was filtered off, the aqueous layer was separated. This aqueous layer was combined with said insoluble mat- 
ter, adjusted to pH 3 with 2 N-hydrochloric acid (about 1 L) and extracted with ethyl acetate. The extract was 
washed with saturated brine and dried over anhydrous magnesium sulfate. The solvent was then distilled off under 
reduced pressure to give a brownish tan-colored oil containing the objective compound 1-(2,2-diethoxyethyl)-2-(4- 
fluorophenyl)pyrimidin-6(1 H)-one-5-carboxylic acid. 

Step (5): To a solution of the objective compound of step (4) (the crude product obtained by the above reaction) and 
triethylamine (87.5 ml, 0.63 mol) in 1,4-dioxane (900 ml) was added diphenylphosphoryl azide (84 ml, 0.37 mol) 
with dropwise at room temperature. After completion of the dropwise addition, the mixture was heated to 1 10°C and 
stirred for 2 hours. After cooling to room temperature, benzyt alcohol (44 mol, 0.43 mol) was added. This reaction 
mixture was heated again to 1 1 0°C and stirred for 4 hours. After cooling to room temperature, 1 ,4-dioxane was dis- 
tilled off under reduced pressure. The residue was added to saturated ammonium chloride aqueous solution (1 L) 
and extracted with ethyl acetate. The extract was washed successively with 1 N-sodium hydroxide aqueous solu- 
tion and saturated brine, dried over anhydrous magnesium, sulfate, and concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography (1:2 etnyl acetate-hexane) to give 126 g of a mixture of 
the objective compound [5-benzyloxycarbonylamino-2-(4-fluorophenyl)-1 ,6-dihydro-6-oxo-l -pyrimidinyl]acetalde- 
hyde diethyl acetal and benzyl alcohol as a light-yellow oil (yield of the objective compound 69%). 
Step (6): To a solution of the objective compound of step (5) [126 g of the mixture with benzyl alcohol; 0.247 mol of 
the objective compound of step (5)] in THF (650 ml) was added 1 N-hydrochloric acid (500 ml), and the mixture was 
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stirred at 70°C for 14 hours. After cooling the reaction mixture to room temperature, THF was distilled off under 
reduced pressure. The obtained concentrate was adjusted to pH 7 with saturated sodium hydrogencarbonate 
aqueous solution and extracted with ethyl acetate. The extract was dried over magnesium sulfate and the solvent 
was distilled off under reduced pressure to give a white solid containing the objective compound [5-benzyloxycar- 

s bony lamino-2-(4-fluorophenyl)-1 ,6-dihydro-6-oxo-1 -pyrimidinyl]acetaldehyde. 

Step (7): To a mixture of the objective compound of step (6) (the crude product obtained by the above reaction), 2- 
methyl-2-propanol (900 ml) and 2-methyl-2-butene (1 06 ml, 1 .00 mol) was added a solution of sodium dihydrogen- 
phosphate dihydrate (1B0 g, 1.15 mol) and sodium chlorite (80%, 136 g, 1.20 mol) in water (400 ml), and the mix- 
ture was stirred at room temperature for 2 hours. The insoluble matter was filtered off and the organic solvent was 

w distilled off under reduced pressure. The obtained concentrate was added to 2 N-hydrochloric acid (650 ml) and 
extracted with ethyl acetate. The extract was washed with saturated brine, dried over magnesium sulfate, and con- 
centrated under reduced pressure. To the residue was added ethyl acetate-hexane (1:1) for crystallization to give 
10.6 g of the title compound [5-benzyloxyc»rbonylamirK)-2-(4-fluorophenyl)-6-oxD-1,6-dihydro-1-rjyrimidinyl]acetic 
acid as a white solid. The insoluble matter separated previously was added to 1 N-hydrochloric acid (500 ml) and 

15 extracted with ethyl acetate, and the extract was washed with saturated brine and dried over magnesium sulfate. 
The solvent was then distilled off under reduced pressure to give additionally 67.7 g of the title compound [5-ben- 
zyloxyrarbonylamino-2-(4-fluorophenyl)-6-oxo-l,6-dirrydro-1-pyrimidinyljacetic acid as a white solid (total yield 
80%). 

so [0091 J The 1 H-NMR and IR spectra of the above compound are shown below. 

1 H-NMR (500 MHz, DMSO-d 6 ) 8: 13.3 (bra, 1H), 8.99 (s, 1H), 8.46 (s, 1H), 7.56 (dd, J=5.4. 8.9 Hz, 2H), 7.44 (d, 
J=7.2 Hz, 2H), 7.30-7.42 (m, 5H), 5.19 (s, 2H), 4.53 (s, 2H) IR (KBr) 3650-2300, 1720, 1660, 1600 cm" 1 

25 Reference Example 2 
[0092] 

Step (1): To a solution of 4-hydroxy-3-nitrobenzoic acid (15.8 g, 86.3 mmol) in 1 ,2-dichloroethane (150 ml) were 
added methanol (14 ml) and concentrated sulfuric acid (0.5 ml), and the mixture was stirred under heating at B0 o C. 
In the course, methanol (9 ml) was added and the mixture was stirred for 21 hours. This reaction mixture was added 
to saturated sodium hydrogencarbonate aqueous solution (400 ml) and extracted with chloroform. The extract was 

as washed with saturated brine, dried over magnesium sulfate, and concentrated under reduced pressure to give 1 1 .5 
g (yield 68%) of the objective compound methyl 4-hydroxy-3-nitrobenzoate as a yellow solid. 
Step (2): To a solution of the objective compound of step (1) (11.4 g, 57.8 mmol) in ethyl acetate (300 ml) was 
added 1 0% palladium-carbon (1 .80 g) under a nitrogen atmosphere, and the mixture was stirred under a hydrogen 
atmosphere at room temperature for 1 8 hours. The catalyst was filtered off and washed with ethyl acetate and the 

40 filtrate was concentrated under reduced pressure. The resulting solid product was washed with diethyl ether-hex- 
ane (1 :1 ) and dried in vacuo to give 9.34 g (yield 97%) of methyl 3-amlno-4-hydroxybenzoBte as a light-brown solid. 
Step (3): To a mixture of chloroform (10 ml) and ethanol (9.5 ml, 0.16 mol) was added acetyl chloride (10 ml, 0.14 
mol) with dropwise over 1 0 minutes under ice-cooling. After the mixture was stirred at 0'C for 30 minutes, a solution 
of the objective compound of step (2) (1.50 g, 4.83 mmol) in chloroform (10 ml) was added. After the mixture was 

45 stirred at 0°C for 3 hours, the solvent was distilled off under reduced pressure to give a light-yellow solid. To this 
solid were added ethanol (35 ml) and methyl 3-amino-4-hydroxybenzoate (1 .94 g, 1 1 .6 mmol), and the mixture was 
stirred under heating at 90°C for 18 hours. The solvent was distilled off under reduced pressure and the obtained 
concentrate was added to 0.5 N-sodium hydroxide aqueous solution (50 ml) and extracted with ethyl acetate. The 
extract was washed successively with 0.5 N-hydrochloric acid, saturated sodium hydrogencarbonate aqueous 

so solution and saturated brine, dried over magnesium sulfate, and concentrated under reduced pressure. The resi- 
due was purified by silica gel column chromatography (1 00:1 chlorotorm-methanol) to give 1 .80 g (yield 81 %) of 2- 
benzyloxycarbonylamino-1-ftydroxy-1-[5-(methoxycarbonyl)r^nzoxazol-2-yl]-3-phenylpropane as a light-brown 
solid. 

Step (4): To a solution of the objective compound of step (3) (1.65 g, 3.58 mmol) in methanol (25 ml) was added 
55 10% palladium-carbon (378 mg) under a nitrogen atmosphere, and the mixture was stirred under a hydrogen 
atmosphere at room temperature for 24 hours. The catalyst was filtered off, followed by washing with methanol, and 
the filtrate was concentrated under reduced pressure to give 1.14 g (yield 98%) of 2-amino-1-hydroxy-1-[5-(meth- 
oxycarbonyl)benzoxazol-2-yl]-3-phenylpropane as a light-brown solid. 
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[0093] The 1 H-NMR and IR spectra of the obtained compound are shown below. 

1 H-NMR (500 MHz, DMSO-dg) 8: B.27 (d, J=1 .3 Hz, 0.4H), 8.25 (d. J=1 -3 Hz, 0.6H), 8.03 (dd, J=8.6, 1 .3 Hz, 0.4H), 
8.02 (dd, J=8.6, 1.3Hz, 0.6H), 7.84 (d, J=8.6Hz, 0.4H), 7.81 (d, J=8.6Hz, 0.6H), 7.28-7.23 (m, 4H), 7.18-7.13 (m, 
s 1H), 4.77-4.73 (m, 1H), 3.89 (s, 3H), 3.58 (m, 0.6H), 3.50 (m, 0.4H), 3.06 (dd, J=13.6, 4.8 Hz, 0.4H), 2.88 (dd, 

J=13.6, 7.3 Hz, 0.6H), 2.81 (dd, J=13.6, 6.B Hz, 0.6H), 2.65 (dd, J=13.6. 8.2 Hz, 0.4H) 
IR (KBr)3300, 1710, 1615 cm" 1 

Reference Example 3 

w 

Synthesis of 2-amino-1 -hydroxy- 1 -[5-(methQxycarbQnYl)benzQyazQ|-2-yl]-3-phenyipropane 

[0094J 

is Step (1): To a solution of 4-hydroxy-3-nitrobenzoic acid (15.8 g, 86.3 mmol) in 1 ,2-dichloroethane (150 ml) were 
added methanol (14 ml) and concentrated sulfuric acid (0.5 ml), and the mixture was stirred under heating at B0°C. 
I n the course, methanol (9 ml) was added and the mixture was stirred for 21 hours. This reaction mixture was added 
to saturated sodium hydrogencarbonate aqueous solution (400 ml) and extracted with chloroform. The extract was 
washed with saturated brine, dried over magnesium sulfate, and concentrated under reduced pressure to give 1 1 .5 

20 g (yield 68%) o1 the objective compound methyl 4-hydroxy-3-nitrobenzoate as a yellow solid. 

Step (2): To a solution of the objective compound of step (1) (11.4 g, 57.8 mmol) in ethyl acetate (300 ml) was 
added 10% palladium-carbon (1 .80 g) under a nitrogen atmosphere, and the mixture was stirred under a hydrogen 
atmosphere at room temperature for 1 8 hours. The catalyst was filtered off, followed by washing with ethyl acetate, 
and the filtrate was concentrated under reduced pressure. The resulting solid product was washed with diethyl 

25 ether-hexane (1:1) and dried in vacuo to give 9.34 g (yield 97%) of methyl 3-amino-4-hydroxybenzoate as a light- 
brown solid. 

Step (3): To a mixture of L-phenylalaninol (20.2 g, 0.134 mol), sodium carbonate (21.2 g, 0.200 mol)and 1,4-diox- 
ane ( 1 50 ml) was added a solution ol benzyloxycarbonyl ch loride ( 1 9. 1 ml, 0.1 34 mol) in 1 ,4-dioxane (50 ml), and 
the mixture was stirred at room temperature for 3 hours. To this reaction mixture was added water (300 ml) and the 
30 resulting mixture was added to ice-cooled 0.5 N-hydrochloric acid (500 ml). The resulting crystals were collected 
by filtration, washed with hexane, and dried to give 28.8 g (yield 76%) of the objective compound N-benzyloxycar- 
bonyl-L-phenylalaninol as white crystals. 

Step (4): To a solution of the objective compound of step (3) (1 0.7 g, 37.5 mmol) and triethylamine (21.3 ml, 153 
mmol) in dichloromethane (100 ml) was added a solution of sulfur trioxide pyridine complex (23.9 g, 150 mmol) in 

35 dimethyl sulfoxide (DMSO) (1 00 ml) at -1 0°C. After the resulting solution was stirred at 1 0~20°C for 45 minutes, it 
was added to saturated brine (400 ml) and extracted with diethyl ether. The extract was washed successively with 
1 N-hydrochloric acid, saturated sodium hydrogencarbonate aqueous solution and saturated brine, dried over mag- 
nesium sulfate, and concentrated under reduced pressure to give 10.6 g (quantitatively) of the objective compound 
N-benzyloxycarbonyl-L-phenylalaninal as a white solid. 

40 Step (5): To a solution of the objective compound of step (4) (5.00 g, 1 7.6 mmol) and acetone cyanohydrin (4.8 ml, 
53 mmol) in dichloromethane (50 ml) was added triethylamine (1.5 ml, 11 mmol), and the mixture was stirred at 
room temperature for 4 hours. The solvent was distilled off under reduced pressure and the obtained concentrate 
was added to water (100 ml) and extracted with ethyl acetate. The extract was washed with saturated brine, dried 
over magnesium sulfate, and concentrated under reduced pressure. The residue was purified by silica gel column 

«5 chromatography (2:1 hexane-ethyl acetate) to give 5.15 g (yield 94%) of the objective compound IM-benzyloxycar- 
bonyl-L-phenylalaninal cyanohydrine as a light-yellow solid. 

Step (6): To a mixture of chloroform (10 ml) and ethanol (9.5 ml, 0.16 mol) was added acetyl chloride (10 ml, 0.14 
mol) with drapwise over 1 0 minutes under ice-cooling. After the mixture was stirred at 0°C for 30 minutes, a solution 
of the objective compound of step (5) (1 .50 g, 4.83 mmol) in chloroform (10 ml) was added. The mixture was stirred 

so at 0°C for 3 hours, and the solvent was then distilled off under reduced pressure to give a light-yellow solid. To this 
solid were added ethanol (35 ml) and the objective compound of step (2) (1 .94 g, 1 1 .6 mmol), and the mixture was 
heated and stirred at 90 C C for 1 B hours. The solvent was distilled off under reduced pressure and the obtained con- 
centrate was added to 0.5 N-sodium hydroxide aqueous solution (50 ml) and extracted with ethyl acetate. The 
extract was washed successively with 0.5 N-hydrochloric acid, saturated sodium hydrogencarbonate aqueous 

55 solution and saturated brine, dried over magnesium sulfate, and concentrated under reduced pressure. The resi- 
due was purified by silica gel column chromatography (1 00:1 cbloroform-methanoi) to give 1 .80 g (yield 81%) of the 
objective compound 2-benzyloxycarbonylamino-1 -hydroxy- 1 -[5-(methoxycarbonyl)benzoxazol-2-yl]-3-phenylpro- 
pane as a light-brown solid. 
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Step (7): To a solution of the objective compound of step (6) (1.65 g, 3.58 mmoi) In methanol (25 ml) was added 
10% palladium-carbon (378 mg) under a nitrogen atmosphere, and the mixture was stirred under a hydrogen 
atmosphere at room temperature for 24 hours. The catalyst was filtered off, followed by washing with methanol, and 
the filtrate was concentrated under reduced pressure to give 1.14 g (yield 98%) of the title compound 2-amlno-1 - 
hydroxy-1-[5-(methoxycarbonyl)benzoxazol-2-yl]-3-phenylpropane as a light-brown solid. 

[0095] The 1 H-NMR and IR spectra of the obtained compound are as follows. 

1 H-NMR (500MHz, DMSO-dg) 8: 8.27 (d, J=1.3 Hz, 0.4H), 8.25 (d, J=1.3Hz, 0.BH), 8.03 (dd, J=8.6, 1.3 Hz, 0.4H), 
8.02 (dd, J=8.6, 1 .3 Hz. 0.6H). 7.84 (d, J=8.6Hz. 0.4H). 7.81 (d. J=8.6Hz, 0.6H), 7.28-7.23 (m, 4H). 7.18-7.13 (m, 
1H), 4.77-4.73 (m. 1H), 3.89 (s, 3H), 3.58 (m, 0.6H), 3.50 (m. 0.4H), 3.06 (dd, J=13.6, 4.8 Hz, 0.4H), 2.88 (dd, 
J=13.6, 7.3 Hz, 0.6H), 2.81 (dd. J=13.6, 6.8 Hz, 0.6H), 2.65 (dd, J=13.6, B.2 Hz, 0.4H) 
IR(KBr) 3300, 1710,1615 cm" 1 

Example 1 

Synthesis of 2-[5-amlno-2-(4-fluorophenyl)-6-oxo-1.6-dirrydro -l-r^rimldinyl1-N-[1-fr5-lmethoxvcarbonvnbenzoxazol-2- 



[0096] 

Step (1): The [5-benzyloxycarborrylamino-2-(4-fluorophenyl)-6-oxo-1,6-dihydro-1-pyrimidinyl]acetic acid (1.30 g, 
3.27 mmol) obtained in Reference Example 1 and the 2-amino-1 -hydroxy-1 -[5-(methoxycarbonyl)benzoxazol-2-yl]- 
3-phenylpropane (1 .08 g, 3.31 mmol) obtained in Reference Example 2 were dissolved in DMF (1 0 ml), followed by 
addition of HOBT (884 mg, 6.54 mmol) and WSCI hydrochloride (752 mg, 3.92 mmol), and the mixture was stirred 
at room temperature for 4.5 hours. This reaction mixture was added to 0.5 N-hydrochloric acid (80 ml) and- 
extracted with ethyl acetate. The precipitated solid was collected by filtration and dried in vacuo to give 1 .26 g of 2- 
[5-benzyloxycartronylamino-2-(4-fluorophenyl)-6-oxo-1,^ 

zoxazol-2-yl]hydroxymethyl]-2-phenylethyllacetamide as a white solid. The filtrate was washed successively with 
saturated sodium hydrogencarbonate aqueous solution and saturated brine and concentrated in vacuo. The result- 
ing solid was washed with diethyl ether and dried In vacuo to recover an additional 408 mg of 2-[5-benzyloxycart3- 
onylamino-2-(4-fluorophenyl)-6-oxo-i,6-dihydro-l-pyrimidinyl]-N-[1-[[5-(methoxycarbonyl)benzoxazol-2- 
yl]hydroxymethyl]-2-phenylethyl]acetamide as a light-brown solid (total amount 1.66 g, total yield 72%). 
Step (2): To a solution of the objective compound of step (1 ) (1 .56 g, 2.21 mmol) in DMSO (20 ml)-toluene (20 ml) 
were added WSCI hydrochloride (5.09 g, 26.6 mmol) and dtehloroacet'c acid (0.87 ml, 1 1 mmol), and the mixture 
was stirred at room temperature for 7 hours. This reaction mixture was added to 1 N-hydrochloric acid (1 00 ml) and 
extracted with ethyl acetate. The extract was washed with saturated sodium hydrogencarbonate aqueous solution 
and saturated brine. The precipitated solid was collected by titration and dried in vacuo to give 1 .06 g of 2-[5-ben- 
zyloxycarbonylamino-2-(4-fluorophenyl)-6-oxc-^^ 

2-yl]carbonyl]-2-phenylethy0acetamide as a white solid. The filtrate was concentrated under reduced pressure and 
the residue was purified by silica gel column chromatography (5:1 dtehloromethane-ethyl acetate) to give an addi- 
tional 222 mg of 2-[5-benzyloxycarbonylamino-2-(4-fluorophenyl)-6-oxo-1,6-dihydro-1-pyrimidinyl]-N-t1-[[5-(meth- 
oxycarbonyl)benzoxazol-2-yl]carbonyl]-2-phenylethyl]acetamide as a light-yellow solid (total amount 1.28 g,.total 
yield 82%). 

Step (3): To a solution of the objective compound of step (2) (462 mg, 0.657 mmol) and anisole (0.21 ml, 1 .9 mmol) 
in dichloromethane (1 3 ml) was added trifluoromethanesulfonic acid (0.35 ml, 4.0 mmol) under ice-cooling, and the 
mixture was stirred at 0°C ~ room temperature for 1 hour. Under ice-cooling, saturated sodium hydrogencarbonate 
aqueous solution (13 ml) was added and the mixture was further stirred for 30 minutes. This reaction mixture was 
added to saturated sodium hydrogencarbonate aqueous solution (50 ml) and extracted with ethyl acetate. The 
extract was washed with saturated brine, dried over magnesium sulfate, and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (30:1 chloroform-methanol) to give 368 mg (yield 
98%) of 2-{5-amlno-2-(4-f luorophenyl)-6-oxo-l ,6-dlhydro-l -pyrimidinylj-N-[l -p-(methoxycarbonyl)benzoxazol-2- 
yl]carbony|]-2-phenylethyl]acetamide (Compound 1) as light-yellow crystals. 

[0097] The melting point, 1 H-NMR, IR and MS spectral data of Compound 1 are shown below. 

mp: 208-21 3"C 

1 H-NMR (500 MHz, DMSO-d 6 ) 5: 8.97 (d. J=6.7 Hz, 1 H), 8.51 (d, J=1 .6 Hz, 1 H), 8.24 (dd, J=8.7, 1 .6 Hz, 1 H), 8.05 
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(d, J=8.7 Hz, 1 H), 7.35 (dd, J=8.8, S.6 Hz, 2H), 7.28-7.1 7 (m, 6H). 7.08 (t, J=8.8 Hz, 2H), 5.50 (m, 1 H), 5.1 2 (s, 2H), 
4.48 (d, J=16.8 Hz, 1H), 4.41 (d, J=16.8 Hz, 1H), 3.93 (s, 3H), 3.31 (m, 1H), 2.97 (dd, J=14.1, 8.9 Hz, 1H) 
IR (KBr) 3370, 1705, 1655, 1600 cm" 1 
MS (SIMS.'positive) m/z570 (MH + ) 

5 

[0098] The human heart chymase-inhibitory activity of the obtained Compound 1 was assayed in terms of amidase 
inhibitory activity of human heart chytnase and the efficacy of the compound was evaluated as follows. 
[0099] The inhibitory activity was determined from the change in residual activity fraction of 5 nM chymase using a 
concentration series (<x1 , <x1 0, <x1 00 equivalents) of Compound 1 in the presence of the synthetic substrate succinyl- 

w alanyl-alanyl-prolyl-phenylalanine-p-nitroanilide at a final concentration of 2.5 mmol. Analysis of inhibitory potency was 
made by the least square regression of the Easson-Stedman plot utilizing bimolecular equilibrium reaction linearization 
(Proc. Roy. Soc. B. , 121, 141,1 936). The apparent inhibition constant (Kiapp) obtained by this analysis and the inhibi- 
tion constant (Kl) calculated from the final concentration of the substrate in the reaction mixture and the Km value meas- 
ured separately were used to evaluate the inhibitory activity. For determination of the initial velocity of the enzymatic 

is reaction, the amount of p-nitroaniline produced by hydrolysis of the substrate was spectrometrically estimated from the 
increase in the absorbance at 405 nm after subtraction of the absorbance at 650 nm. The chymase Inhibitory activity of 
Compound 1 was calculated as the residual activity fraction in the presence of the inhibitor to the enzyme activity in the 
absence of the inhibitor, and the reading of measured values was completed at the point immediately under the initial 
velocity-guaranteeing absorbance at the substrate concentration used for the enzyme. 

no [0100] The reaction mixture was composed of 140 u.l of Tris-HCI (100 mmol)-KCI (2 M) buffer (pH 7.5), Compound 
1 dissolved in 20 u.l of 10% dimethyl sulfoxide (DMSO), the substrate dissolved in 20 ul of DMSO, and 20 ul of chymase, 
and the total volume was 200 ul. 

[0101] From the absorbance reading immediately after addition of the enzyme, the increase in absorbance was 
recorded at exactly equal time-intervals as a progressive curve. 

ss [0102] The analysis of inhibitory activity was carried out from the above data, where necessary, by estimating the 
residual activity in the Inhibitor-added sample relative to the activity in the inhibitor-free control sample from the differ- 
ence between the absorbance at the end of the reaction time and the absorbance immediately after enzyme addition, 
or by calculating the reaction velocities in the control sample and inhibitor-added sample at a constant time interval 
(e20 minutes), shifting the velocity calculation every 10-30 minutes, averaging the values over the total reaction time, 

30 and estimating the residual activity fractions from the respective reaction velocities in the same manner. 

[0103] As determined by the above human heart chymase inhibitory activity test, the chymase inhibitory activity (Ki) 
of Compound 1 was 0.023 uM. 

Example 2 

35 

Synthesis of 2-[5-amino-2-f3-chlorophenyl)-1.6-dirwdro-6-oxo-1^ 
drfluoro-2-oxopropyHacetamide [Compound 2) 

[0104] 

40 

step (1): Hydrogen chloride was bubbled through a solution of 3-chlorobenzonitrile (25.5 g, 0.185 mol) in ethanol 
(250 mL) to saturation under Ice-cooling and the reaction mixture was stirred at room temperature for 1 7 hours. The 
solvent was distilled off under reduced pressure and the residual solid was suspended in diethyl ether (200 mL), 
then collected by filtration, washed with diethyl ether (200 mL) and dried in vacuo at 60°C to give 38.3 g (94%) of 

45 ethyl 3-chlorobenzimldate hydrochloride as white crystals. 

Step (2): To a solution of the objective compound of step (1) (38.0 g, 0.173 mol) in ethanol (130 mL) was added 
aminoacetaldehyde diethyl acetal (29 mL, 0.20 mol) with dropwise under ice-cooling, and the mixture was stirred 
at 5°C for 1 7 hours. The ethanol was distilled off under reduced pressure and the obtained concentrate was added 
to 1 M sodium hydroxide aqueous solution (300 mL) and extracted with chloroform. The extract was dried over 

so . anhydrous magnesium sulfate and the solvent was distilled off under reduced pressure to give 62.6 g of a colorless 
clear oil containing 3-chloro-N-(2,2-diethoxyethyl)benzamidine. 

Step (3): To a solution of the objective compound of step (2) (the crude product obtained by the above reaction; 
62.6 g) in ethanol.(75 mL) was added diethyl ethoxymethylens malonate (40 mL, 0.20 mol), and the mixture was 
refluxed for 3 hours. The solvent was distilled off under reduced pressure and the residue was purified by silica gel 
55 column chromatography (1:1 hexane-ethyl acetate) to give 66.4 g of ethyl 2-(3-chlorophenyl)-1-(2,2-diethoxye- 
thyl)pyrimidin-6(1 H)-one-5-carboxylate as a light-yellow oil (yield 97% from ethyl 3-chlorobenzimidate hydrochlo- 
ride). 

Step (4): To a solution of the objective compound of step (3) (66.1g, 0.167 mol) in pyridine (200 mL) was added 
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lithium iodide (56.0 g, 0.418 mol), and the mixture was refluxed for 18 hours. After the pyridine was distilled off 
under reduced pressure, toluene (100 mL) was added, and the residual trace of pyridine was distilled off under 
reduced pressure. To the residue were added saturated sodium hydrogencarbonate aqueous solution (200 mL) 
and ethyl acetate (1 00 mL), and the mixture was stirred at room temperature for 30 minutes. The precipitate was 
filtered off and the aqueous layer was separated. The carboxylic acid in the organic layer was extracted with satu- 
rated sodium hydrogencarbonate aqueous solution (1 00 mL). The all aqueous layers and the precipitate separated 
previously were combined, adjusted to pH 4 with 2 M rn/drcchloric acid (about 500 mL), and extracted with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and concentrated 
under reduced pressure to give 53.7 g (88%) of a deep brownish tan-colored oil containing 2-(3-chlorophenyl)-1- 
(2,2-diethoxyethyl)pyrimidin-6(1 H)-one-5-carboxylic acid. 

Step (5): To a solution of the objective compound of step (4) (53.4 g, 0.146 mol) and triethylamine (41 mL, 0.29 mol) 
in 1,4-dioxane (400 mL) was added diphenylphosphoryl azids (36 mL, 0.16 mol) with dropwise at room tempera- 
ture. After completion of with dropwise addition, the mixture was heated and stirred at 1 1 0°C for 2 hours. After cool- 
ing to room temperature, benzyl alcohol (20 mL, 0.19 mol) was added. The reaction mixture was heated to 1 10°C 
again and stirred for 5 hours, followed by cooling to room temperature. The reaction mixture was concentrated 
under reduced pressure and the residue was added to saturated ammonium chloride aqueous solution (500 mL) 
and extracted with ethyl acetate. The extract was washed with 1 M sodium hydroxide aqueous solution (450 mL) 
and saturated brine, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The res- 
idue was purified by silica gel column chromatography (2:1 hexane-ethyl acetate) to give 58.8 g (79%) of a 1 :0.36 
mixture of [5-benzyloxycarbonylamino-2-(3-chlorophenyl)-1,6-dihydro-6-oxo-1-pyrimidinyl]acetaldehyde diethyl 
acetal and benzyl alcohol as a light-yellow solid. 

Step (6): A solution of the objective compound of step (5) (the mixture with benzyl alcohol, 5B.6 g, 0.1 15 mol) in a 
mixture of THF (300 mL) and 1 M hydrochloric acid (250 mL) was heated and stirred at 70°C for 20 hours. The THF 
was distilled off under reduced pressure and the concentrate was neutralized with saturated sodium hydrogencar- 
bonate aqueous solution and extracted with ethyl acetate. The extract was dried over anhydrous magnesium sul- 
fate and the solvent was distilled off under reduced pressure to give 52.0 g of a light-yellow oil containing [5- 
benzyloxycarbonylamino-2-(3-chlorophenyl)-1,6-dihydro-6-oxo-1-pyrWdinyl]acetalderyde. 
Step (7): To a mixture of the objective compound of step (6) (the crude product obtained by the above reaction; 52.0 
g). 2-methyl-2-propanol (750 mL) and 2-methyl-2-butene (122 mL, 1 .15 mol) was added a solution of sodium dihy- 
drogenphosphate dihydrate (131 g, 0.840 mol) and sodium chlorite (B0%, 91 .0 g, 0.805 mol) in water (300 mL), and 
the mixture was stirred at room temperature for 3 hours. The organic solvent was distilled off under reduced pres- 
sure and the residue was added to 2 M hydrochloric acid (450 mL) and extracted with ethyl acetate. The extract 
was washed with saturated brine and dried over anhydrous magnesium sulfate, and the solvent was distilled off 
under reduced pressure to give a light-yellow oil. This oil was dissolved in ethyl acetate-hexane (1 :2, 150 mL) and 
stirred at room temperature. The resulting crystals were collected by filtration and dried in vacuo at 60°C to give 
40.3 g of [5-benzyloxycarbonylamino-2-(3-chlorophenyl)-1 ,6-dihydro-6-oxo-1-pyrimidinyl]acetlc acid as white crys- 
tals [yield 85% from t5-benzyloxyc»rbonylamIno-2-(3-chlorophenyl)-l,6-dlhydro-6-oxo-1-pyrimidinyl]acetaldehyde 
diethyl acetal]. 

Step (8): To a solution of N-benzyloxycarbonyl-DL-phenylalanine (155 g, 0.518 mol) in DMF (800 mL) were added 
mortar-pulverized potassium hydrogencarbonate (104 g. 1.04 mol) and methyl iodide (53 mL, 0.86 mol), and the 
mixture was stirred at room temperature for 5 hours. This reaction mixture was added to water (1800 mL) and 
extracted with ethyl acetate-hexane (4:1). The extract was washed successively with 2 portions of water (500 mL 
each), 5% sodium sulfite aqueous solution (500 ml) and saturated brine and dried over anhydrous magnesium sul- 
fate. The solvent was distilled off under reduced pressure to give 1 64 g (1 00%) of N-benzyloxycarbonyl-DL-pheny- 
lalanine methyl ester as a colorless clear oil. 

Step (9): To a solution of the objective compound of step (8) (109 g, 0.345 mol) in THF (500 mL) were added mor- 
tar-pulverized lithium chloride (29.2 g, 0.689 mol) and sodium tetrahydroborate (26.1 g, 0.690 mol). To the resulting 
suspension was added ethanol (1 000 mL) with dropwise over 40 minutes, and the mixture was stirred at room tem- 
perature for 1 4 hours. To the reaction mixture was added 1 0% citric acid aqueous solution (700 mL), and the mix- 
ture was stirred at room temperature for 30 minutes. The organic solvent was distilled off under reduced pressure. 
The residue was added to water (700 mL) and extracted with dichloromethane. The extract was washed with satu- 
rated brine and dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure 
to give white crystals. The crystals were recrystallized from ethyl acetate-hexane (1 :2.7, 370 mL) to give 87.8 g 
(89%) of N-benzytoxycarbonyl-DL-phenylalanlnol as white crystals. 

Step (10): To a solution of the objective compound of step (9) (87.8 g, 0.308 mol), 2,2,6,6-tetramethy(-1-piperidiny- 
loxy free radical (480 mg, 3.07 mmol) and sodium bromide (31 .7 g, 0.308 mol) in ethyl acetate (900 mL)-toluene 
(900 mL) were added 6% sodium hypochlorite aqueous solution (PURELOX, 410 mL, 0.34 mol) and a solution of 
sodium hydrogen carbonate (75 g, 0.B9 mol) in water (540 mL) with dropwise over 1 .5 hours under ice-cooling, and 
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the mixture was stirred for 1 hour. This reaction mixture was extracted with ethyl acetate and the extract was 
washed successively with potassium iodide (2.5 g, 15 mmol)-containing 10% potassium hydrogensulfate aqueous 
solution (400 mL), 10% sodium thiosulfate aqueous solution (2 x 200 ml), 0.2 M phosphate buffer (pH 7, 500 mL) 
and saturated brine and dried over magnesium sulfate. The solvent was then distilled off under reduced pressure. 
s To the residue were added ethyl acetate (150 mL) and hexane (500 mL), and the mixture was stirred at room tem- 
perature - 0°C for 5 hours. The resulting crystal crop was collected by filtration, washed with hexane-ethyl acetate 
(3:1 , 300 mL) and dried in vacuo to give 63.28 g (73%) of N-benzyloxycarbonyl-DL-phenylalaninal as white crys- 
tals. 

Step (1 1): To a mixture of the objective compound of step (10) (42. B g, 0.151 mol), zinc dust (15.9 g, 0.243 mol) 
io and THF (105 ml) was added ethyl bromodifiuoroacetate (31.6 mL, 0.246 mol) with dropwise over 2 hours at 
26~49°C. The resulting mixture was stirred at room temperature for 2 hours. To this reaction mixture was added 
saturated ammonium chloride aqueous solution (110 mL), and the mixture was stirred for a few minutes. The 
obtained mixture was added to saturated ammonium chloride aqueous solution (650 mL) and extracted with ethyl 
acetate (500 mL, 2 x 300 mL). The extract was washed with saturated brine (400 mL), dried over magnesium sui- 
ts fate, and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (2:1 
hexane-ethyl acetate) to give 56.15 g of ethyl 4-benzytoxycarbonylamino-2,2-difluoro-3-hydroxy-5-phenylpen- 
tanoate as a light-yellow oil (a mixture of diastereomers, 75%). 

Step (12): To a solution of the objective compound of step (11) (12 g, 30 mmol) in THF (85 mL) was added ben- 
zylamine (16.5 mL, 0.151 mol) with dropwise over 3 minutes at room temperature, and the mixture was stirred at 

20 room temperature for 21 hours. The white precipitate was recovered by filtration and washed with ethyl acetate (3 
x 15 mL) (2.455 g). The filtrate was diluted with ethyl acetate (455 mL), washed successively with 1 M hydrochloric 
acid (3 x 120 mL) and saturated brine (2 x 120 mL), dried over magnesium sulfate, and concentrated under 
reduced pressure to recover a light-yellow solid residue (1 0.70 g). The white precipitate recovered previously and 
the above residue were combined (the diastereomer mixture, 1 3.1 55 g) and subjected to the next reaction. 

25 Step ( 1 3) : To a solution of the product of step (1 2) (1 3. 1 55 g) in methanol (350 mL)-dioxane (350 mL) were added 
1 M hydrochloric acid (42 mL) and 10% palladium-carbon (4.039 g, 31 wt%) under a nitrogen atmosphere, and the 
mixture was stirred under a hydrogen atmosphere at room temperature for 1 8 hours. The catalyst was filtered off 
and washed with methanol (10 x 40 mL). The filtrate and washings were pooled and concentrated under reduced 
pressure. The obtained residue was dissolved in ethyl acetate (500 mL) and washed with saturated sodium hydro- 

30 gencarbonate aqueous solution (200 mL). The aqueous layer was extracted with ethyl acetate (2 x 300 mL). The 
obtained organic layers were pooled, washed with saturated sodium hydrogencarbonate aqueous solution (200 
mL) and saturated brine (300 mL), dried over sodium sulfate, and concentrated under reduced pressure. The res 
idue was purified by silica gel column chromatography (94:6 chloroform-methanol) to give 5.928 g of 4-amino-2,2- 
difluoro-3-hydroxy-6-phenyfperttancylbenzylarnine as a white solid (a mixture of diastereomers; 60%, 2-step overall 

as yield). 

Step (14): To a mixture of the objective compound of step (7) (39.83 g, 96.25 mmol), the objective compound of 
step (13) (32.13 g, 96.09 mmol), 1-hydroxybenzotriazole (HOBT) monohydrate (29.62 g, 0.1934 mol) and DMF 
(590 mL) was added 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (WSCIHCI) (20.57 g, 0.1073 
mol), and the whole mixture was stirred at room temperature for 24 hours. This reaction mixture was added to 0.5 

40 M hydrochloric acid (1 800 mL) and extracted with ethyl acetate (1 800 mL). The organic layer was filtered and the 
recovered precipitate was washed with ethyl acetate (50 mL, 2 x 20 mL) and dried in vacuo at room temperature to 
give 18.34 g of 2-t5-benzyloxycarbonylamlno-2-{3-chlorophenyl)-l,6-dihydro-6-oxo-1-pyrlmidlnyl)-N-[1-benzyl-3- 
(N-(benzyl)carbamoyl]-3,3-difluoro-2-hydraxypropyl]acetamide as a white solid (5.1 wt% of DMF contained). The 
aqueous layer was extracted with ethyl acetate (2 x 800 mL). The organic layers were combined, washed with sat- 

45 urated sodium hydrogencarbonate aqueous solution (800 mL) and saturated brine (700 mL), dried over magne- 
sium sulfate, and concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (98:2 chloroform-methanol) to give 59.24 g of 2-[5-benzyloxycarbonylamino-2-(3-chlorophenyl)- 
1 ,6-dihydro-6-oxo-1 -pyrimicfinyfJ-N-[1 -benzyl-3-[N-(benzyl)carbamoyl]-3,3-difluoro-2-hydroxypropyl]acetamide as a 
light-yellow solid (13 wt% of DMF contained). The objective compound was obtained in a total amount of 69 g (dias- 

50 tereomer mixture, 98%). 

Step (15): To a solution of the objective compound of step (1 4) (69 g, 95 mmol) and WSCIHCI (99.87 g, 0.5209 mol) 
in DMSO (590 mL)-toluene (590 mL) was added dichloroacetic acid (15.6 mL) with dropwise over20 minutes under 
Ice-cooling. The resulting mixture was stirred under Ice-cooling for 2,5 hours, then added to 0.5 M hydrochloric acid 
( 1 800 mL) and extracted with ethyl acetate ( 1 800 mL, 2 x 800 mL). The extract was washed with saturated sodium 

55 hydrogencarbonate aqueous solution (800 mL) and saturated brine (800 mL), dried over magnesium sulfate, and 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (99:1 chloro- 
form-methanol) to give 52.95 g (77%) of 2-(5-benzyloxycarbonylamino-2-(3-chloropnenyl)-1,6-dihydro-6-oxo-1- 
pyrimidlnyO-N-[1-benzyl-3-pg-(benzyl)carbamoyl]-3,3-difluoro-2-oxopropyljacetamide as a white solid. 
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Step (16): To a solution of the objective compound of step (1 5) (52.93 g, 72.69 mmol) and anisole (24 mL, 0.22 mol) 
in dichloromethane (1000 mL) was added trlfluoromethanosulfonic acid (31 mL, 0.35 mol) with dropwise over 19 
minutes under ice-cooling. The resulting mixture was stirred under ice-cooling for 30 minutes. The teed-water bath 
was removed to let the temperature rise gradually and the reaction mixture was stirred at room temperature for 30 

5 minutes. The reaction mixture was ice-cooled and saturated sodium hydrogencarbonate aqueous solution (800 
mL) was added. The mixture was stirred until no more deposits were observed on the flask wall, and added to sat- 
urated sodium hydrogencarbonate aqueous solution (1000 mL), followed by addition of chloroform (1000 mL). The 
resulting mixture was divided In two portions, and each portion was extracted with ethyl acetate (1 800 mL, 2 x 600 
mL). The pooled extract was washed with saturated brine, dried over magnesium sulfate, and concentrated under 

w reduced pressure. The residue was purified by silica gel column chromatography (96:4 cbloroform-methanol) to 
give 41 .47 g of a white solid (14 wt% of chloroform contained). This solid was recrystallized from chloroform-meth- 
anol-hexane and ethyl acetate-heptane to give 30.44 g (71%) of the title compound as a light-yellow solid. 

[0105] The melting point, 1 H-NMR, IR and MS spectra and elemental analysis of the obtained Compound 2 are 
is shown below. 

mp: 115~118.5°C 

'H-NMR (300 MHz, DMSO-d 6 ) 8: 9.72 (t, J=5.9 Hz, 1H), 8.83 (d, J=7.4 Hz, 1H), 7.58-7.0B (m, 15H), 5.24 (s, 2H), 
4.97 (m, 1H), 4.52-4.25 (m, 4H), 3.13 (dd, J=14.3, 3.7 Hz, 1H), 2.71 (dd, J=14.3, 9.5 Hz, 1H) 
zo IH (KBr) 3433, 3323, 3064, 3032, 1 757, 1659, 1612, 1544 cm 1 

MS (ESI) m/z594 (MH*) 
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Elemental analysis: 




Calcd. 


C=60.66, 


H=4.41, 


N=11 79 




Found 


C=60.B7, 


H=4.46, 


N=11.83 



30 

Test Example 1 



Pharmacological testing of Compound 1 

35 (1 ) Determination of IgE antibody titer 

[0106] HgCI 2 , 1 mg/mL/kg, was administered to male BN rats (8 animals per group) subcutaneously at the back 
(HgCfe group). Separately, to male BN rats (8 animals per group) similarly administered with HgCI-., Compounds 1-4 
were administered orally in a daily dose of 30 mg/kg for 6 consecutive days beginning the HgCfe administration day 

40 (Compound 1 administration group, Compound 2 administration group, Compound 3 administration group, Bnd Com- 
pound 4 administration group, respectively). Here, Compound 3 is 2-[5-amino-2-(3-methoxyphenyl)-B-oxo-l ,6-dihydro- 
1-pyrimidinyl]-N-[1-[(benzoxazol-2-yl)carbonyl]-2-phenylethyl]acetamide and Compound 4 is 2-[5-amino-2-(3-methoxy- 
phenyl)-6-oxo-l,6-dihydro-1-pyrlmidln-yl]-N-[1-[(5-(methoxyraroonyl)benzoxazol-2-yl)caroonyl]-2-phenylethyl]aceta- 
mide. On day 7 following HgClg administration, the animals were sacrificed with C0 2 gas, thoracotomized, and the 

45 cardiac blood was collected and centrifuged to recover the serum. The serum samples were stored at -20°C and the 
IgE antibody titer was determined by the following procedure. 

[0107] Anti-rat IgE monoclonal antibody [MCARE-01] [manufactured by Biochemical Industry Co., 01404] was 
diluted to 5 ug/mL with 0.02% NaltyPBS and an ELISA plate was coated with 50 uL of the solution at 4°C overnight. 
After each well was washed, blocking was performed with 3% skim mllk/TBS at room temperature for at least 1 hour. 

so After another washing, 50 u L of the test sample diluted 200-fold with 1% BSA/TBS was added to each well, followed 
by 2 hours of Incubation at room temperature. Each well was washed and 50 ul of ALP-labeled anti-rat K&X-chain mon- 
oclonal antibody (Sigma, lot 113H4804) diluted 5000-fold with 1% BSA/TBS was added. The plate was incubated at 
room temperature for 2 hours. Each well was washed again, and 50 fiL/well of p-nitrophenyl phosphate (in 0. 1 M dieth- 
anolamine, 1 mg/mL, pH 9.8) was added as the substrate solution. After color development, the reaction was stopped 

55 with an equal amount of 0.5 M NaOH and the OD was measured at the wavelength of 405 nm. As the standard rat IgE, 
Chemicon's rat IgE was used. 
[0108] The results are shown in Table 1 . 
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Table 1 



10 



Group 


Serum IgE antibody titer 
(mg/mL) 


Inhibition rate (%) 


HgCI 2 Group 


86.24+7.99 




Compound 1 administration group 


62.2416.08* 


27. B 


Compound 2 administration group 


67.04+7.57 


22.3 


Compound 3 administration group 


65.25±6.71* 


24.3 


Compound 4 administration group 


66.10+8.46* 


23.4 



Note) 
': p<0.05 



[01091 The above results indicate that Compound 1, Compound 3 and Compound 4 significantly inhibited the IgE 
antibody titer which was found to be increased significantly in the HgCI 2 administration group. Compound 2 was also 
found to show an tendency to inhibit IgE antibody production. 

Test Example 2 

Pharmacological Testing of Compound 1 
as (1) Arthritis assay 

[0110] HgCI 2 , 1 mg/mL/kg, was administered to male BN rats (8 animals per group) subcutaneously at the back 
every other day from day 1 to day 10, for a total of 5 times (HgC^ administration group). Separately, in parallel with the 
administration of MgCI 2 , Compound 1 was administered orally in a daily dose of 30 mg/kg every day (Compound 1 

30 administration group). In the normal group, PBS in lieu of HgCI 2 was administered. On day 1, day 12, day 14, day 16 
and day 1 8, the right and left hindpaw volumes were measured and the severity of arthritis was scored. 
[0111J With regard to right and left hindpaw volumes, the left hindpaw and right hindpaw of each rat were respec- 
tively immersed in water and the increase in volume of the water was measured to calculate the rate of increase (%). 
[0112] The results are shown in Fig. 1. "LEFT" represents the left hindpaw volume and "RIGHT" represents the 

as right hindpaw volume. The ordinate represents the rate of volume Increase (%). The abscissa represents the number 
of days from the first day of testing to the measurement day. The a represents the normal group (PBS administration 
group); the O represents the HgClj administration group; the • represents the HgCl z plus Compound 1 administration 
group. ** indicates a significant difference from the HgCI 2 administration group at the significance level of not more than 
0.01 and * indicates the same at the significance level of not more than 0.05. 

40 [0113] It was found that Compound 1 significantly suppressed the rate of increase in left and right hindpaw volumes 
which were found to be increased significantly in the HgClj administration group. 

[0114] The arthritis severity was scored for each limb according to the following criteria and the total of scores for 
the four limbs (maximum score = 1 6) and the average of the scores for 8 animals per group were calculated. 

45 0: no symptoms 

1 : swelling and redness of small joints such as digital joints 

2: swelling and redness of small joints such as the joints of two or more digits or comparatively large joints such as 
wrist and ankle joints 

3: swelling and redness of the whole extremities 
so 4: maximal swelling and redness of the whole extremities. 

[0115] The results are shown in Fig. 2. The ordinate represents the mean of the total scores for four limbs. The 
abscissa represents the number of days from the beginning of the test to the measurement day. The o represents the 
normal group (PBS administration group); the O represents the HgCl 2 administration group; and the • represents the 
55 HgClg plus Compound 1 administration group. ## indicates a significant difference from the PBS group at the signifi- 
cance level of not more than 0.01 and ** indicates a significant difference from the HgCI 2 group at the significance level 
of not more than 0.01 . 

[0116] It was clear that Compound 1 significantly reduced the arthritis severity score increased by HgCI ? . 
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(2) Assay of autoantibody 

[0117] HgClg, 1 mg/mL/kg, was administered to male BM rats (8 animals per group) subcutaneously at the back 
every other day from day 1 to day 10, for a total of 5 times (HgCI 2 administration group). Separately, in parallel with the 
5 administration of HgCI 2 in the same manner as above, Compound 1 was administered orally in a daily dose of 30 mp/kg 
every day (Compound 1 administration group). In the normal group, PBS was administered. On day 12, day 14 and day 
1 6, the blood was drawn from the tail vein and centrifuged to separate the serum. 

(2-1 ) Assay of anti-ssDNA antibody 

10 

[01 1 8] A 96-well plate was coated with 50 uLAvell of e-poly-L-lysine having a molecular weight of 2000-4000 (Wako 
Pure Chemical Industries, ECN 6644, 25 ng/ml in PBS) at room temperature for 3 hours. After the wells were washed 
with PBS 3 times, 50 uL/well of calf thymus single-stranded DNA (Sigma, 43H67951 ) diluted to 50 ug/ml with 0.02% 
NalVPBS was added to the ELISA plate to coat at 4°C overnight. 

is [01 19] After washing, 50 u_L of the test sample diluted 50-fold with 1 % BSA/PBS was added to each well, and the 
plate was incubated at room temperature for 2 hours. As the background, wells not supplied with the test sample were 
provided. Amount of bound antibody was measured as the change of absorbance at 490 nm to 650 nm with the com- 
bination of peroxidase-labeled anti-rat IgE(Fc) monoclonal antibody and o-phenylendiamine (1 mg/mL) and H 2 0 2 (as 
the control, the OD on day 1 was used). The amount of anti-ssDNA antibody was calculated as the difference (AOD) 

20 from that of the background. 

[0120] The results are shown in Fig. 3. The ordinate represents the difference in absorbance (AOD). The abscissa 
represents the number of days from the beginning of the test to the measurement day. The □ represents the normal 
group (PBS administration group); the O represents the HgCfe administration group; and the • represents the HgCfe 
plus Compound 1 administration group. ### means a significant difference from the PBS group at the significance level 

25 of not more than 0.001 and * represents a significant difference from the HgCt 2 administration group at the significance 
level of not more than 0.05. 

[0121] It was clear that Compound 1 significantly reduced the amount of anti-ssDNA antibody increased by HgClg. 
(2-2) Assay of anti-type II collagen antibody 

x 

[0122] Type II collagen (Collagen Technology Forum, 64-50823) was diluted to 50 ug/ml with 0.02% NaNa/PBS 
and an ELISA plate was coated with 50 uL/well at 4°C overnight. After washing, 50 uL of the test sample diluted 50-fold 
with 1 % BSA/PBS was added to the each well and the plate was incubated at room temperature for 2 hours. As the 
background, wells not supplied with the test sample were provided. Amount of bound antbody was measured as the 

as change of absorbance at 490 nm to 650 nm with the combination of peroxidase-labeled anti-rat IgE(Fc) monoclonal 
antibody and o-phenylendiamine (1 mg/mL) and H 2 0 2 (as the control, the OD on day 1 was used). The amount of anti- 
type II collagen antibody was calculated as the difference (AOD) from that of the background. 
[0123] The results are shown in Fig. 4. The ordinate represents the difference in absorbance (AOD). The abscissa 
represents the number of days from the beginning of the test to the measurement day. The d represents the normal 

40 group (PBS administration group); the O represents the HgCI 2 administration group; and the • represents the HgCIa 
plus Compound 1 administration group. ### means a significant difference from the PBS group at the significance level 
of not more than 0.001; * indicates a significant difference from the HgCI? administration group at the significance level 
of not more than 0.05; and " indicates the same at the significance level of not more than 0.01 . 
[0124] It is evident that Compound 1 reduced the anti-type II collagen antibody titer increased by HgCI 2 . 

45 

Formulation Example 1 
Tablets 
so [0125] 



| (1) [ Compound 1 [ IQmg [ 
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(continued) 



(2) 


Fine granules for direct compression No. 209 (Fuji Chemical) 


46.6 mg 




Magnesium aluminate metasilicate 


20% 




Com starch 


30% 




Lactose 


50% 


(3) 


Crystalline cellulose 


24.0 mg 


(4) 




4.0 mg 


(5) 


Magnesium stearate 


0.4 mg 



[0126] The components (1), (3) and (4) were respectively passed through a 100-mesh sieve in advance. These 
is components (1 ), (3) and (4) and the component (2) were respectively dehydrated to a moisture content not over a pre- 
determined value and then blended in the above weight proportions by means of a mixer. To the homogeneous powdery 
mixture thus obtained was added the component (5), and the whole mixture was stirred for a brief time (30 seconds). 
The resulting mixed powder was compressed (punch: 6.3 mm 0, 6.0 mm R) to provide tablets weighing 85 mg each. 
[0127] Where necessary, these tablets may be coated with the usual gastric film coating agent (e.g. polyvinyl acetal 
20 diethylaminoacetate) or an edible coloring agent. Formulation Example 2 

Capsules 

[01281 





0) 


Compound 1 


50 g 


30 


(2) 


Lactose 


935 g 




(3) 


Magnesium stearate 


15g 



[0129] The above components were respectively weighed and blended homogeneously, and the resulting mixed 
35 powder was filled in hard gelatin capsule shells, 200 mg/capsule. 

Formulation Example 3 




[0130] 



(1) 


Compound 1 hydrochloride 


5mg 


(2) 


Sucrose 


100 mg 


(3) 


Physiological saline 


10mL 



[0131] The mixed solution was filtered through a membrane filter and refiltered for bacteria-free. The filtrate was 
aseptically filled in vials, followed by nitrogen gas filling and sealing to provide intravenous injection. 

INDUSTRIAL APPLICABILITY 

[0132] The IgE antibody production inhibitor comprising the heterocyclic amide compound having the specific 
structure or a pharmaceutlcally acceptable salt thereof as an active ingredient according to the present invention has 
excellent IgE antibody production-inhibitory action and is of great use as a prophylactic agent for bronchial asthma, a 
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prophylactic agent for allergic rhinitis, a prophylactic agent for allergic dermatitis, a therapeutic agent for bronchial 
asthma, a therapeutic agent for allergic rhinitis, a therapeutic agent for allergic dermatitis, and the like. 
[0133] Furthermore, the autoimmune disease suppressant comprising the heterocyclic amide compound having 
the specific structure or a pharmaceutical^ acceptable salt thereof as an active ingredient according to the present 
invention has excellent antiarthritic action, autoantibody production-inhibitory action, etc. and is of great use as an 
autoimmune disease suppressant, particularly as a prophylactic agent for systemic lupus erythematosus, a prophylac- 
tic agent for Hashimoto's thyroiditis, a prophylactic agent for myasthenia gravis, a prophylactic agent for rheumatoid 
arthritis, a prophylactic agent for Guillain-Barre syndrome, a prophylactic agent for glomerulonephritis, a prophylactic 
agent for systemic erythematosus, a therapeutic agent for systemic lupus erythematosus, a therapeutic agent for Hash- 
imoto's thyroiditis, a therapeutic agent for myasthenia gravis, a therapeutic agent for rheumatoid arthritis, a therapeutic 
agent for Guillain-Barre syndrome, a therapeutic agent for glomerulonephritis, a therapeutic agent for systemic ery- 
thematosus, and the like. 

Claims 

1. An IgE antibody production inhibitor comprising a heterocyclic amide compound of the following general formula 
(1 ) or a pharmaceutically acceptable salt thereof as an active ingredient; 




wherein R represents a hydrogen atom, alkyl, -CHO, -COOH, -CONH 2 , -COR 1 , -COOR 1 , -CONHOR 1 , -CONHR 1 , 
CONR 1 R 1 ', -CONHSOgR 1 , -COSR 1 , -COCOR 2 , -COCOOR 2 , -CONHCOOR 2 , <-COCONR 3 R 4 , -CSXR 1 , -SO z WR\ 
-SO ? NR 1 R 1 'or-S0 2 E; 

R 1 and ft 1 ' may be the same or different and each represents alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, heterocycte or heterocyclic alkyl; 

R 2 , R 3 and R 4 may be the same or different and each represents a hydrogen atom, alkyl or arylalkyl, or R 3 and 
R 4 of -NR 3 R 4 may be combined each other to form a heterocycle; 
X represents a single bond, an oxygen atom, a sulfur atom, or -NH-; 
W represents a single bond, -NH-, -NHCO-, -NHCOO- or -NHCONH-; 
E represents hydroxyl group or amino; 

R 5 , R 6 and R 7 may be the same or different and each represents a hydrogen atom or alkyl, or one of R 5 , R 6 
and R 7 represents aryl, arylalkyl, aryialkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl, with each of the 
remaining two representing a hydrogen atom; 

M represents a carbon atom or a nitrogen atom and when M represents a nitrogen atom, R 6 does not exist; 
Y represents cycloalkyl, aryl or heteroaryl; 

Z represents a hydrogen atom, -CF 2 R 8 , -CF 2 CONR 9 R 10 , -CF 2 COOR 9 , -COOR 9 , -CONR 9 R ,D , a group of the 
following formula (i), a group of the following formula (II), or a group of the following formula (iii); 
R 8 represents a hydrogen atom, halogen, alkyl, perfluoroalkyl, amlnoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 
alkoxyalkyl, hydroxyalkyl, aryl, arylalkyl, aryialkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl; R 9 and 
R 10 may be the same or different and each represents a hydrogen atom, alkyl, alkenyl, cycloalkyl, cycloalkyla- 
lkyl, heterocyclic alkyl, aryl, arylalkyl, aryialkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl, or R 9 and 
R 10 of -NR°R 10 may be combined each other to form a heterocycle; 
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1 R- 



— < X I « 



(iii) 



wherein a, b, c and d respectively represents a carbon atom or one of a, b, c and d represents a nitrogen atom 
with each of the remaining three representing a carbon atom; 

R 11 , R 12 , R 13 and R 14 may be the same ord'ifferent and each represents a hydrogen atom, alkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, halogen, trifluoromethyl, cyano, nitro, -NR 17 R 17 , -NHS0 2 R 17 , -OR 17 , -COOR 17 , • 
CONHS0 2 R 17 or -CONR 17 R 1T ; provided that when one of a, b, c and d represents a nitrogen atom, R", R 1? , 
R 13 or R 14 combined to the nitrogen atom mentioned for a, b, c or d does not exist; 

R 1S and R 16 may be the same or different and each represents a hydrogen atom, alkyl, aryl, arylalkyl, heter- 
oaryl, heteroarylalkyl, halogen, trifluoromethyl, cyano, nitro, -NR 17 R 17 ', -NHSO z R 17 , -OR 17 , COOR 17 , - 
CONHSOgR 17 or -CONR 17 R 17 '; 

R 17 and R 17 may be the same or different and Bach represents a hydrogen atom, alkyl, cycloalkyl, cyoloalky- 
lalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl or trifluoromethyl, or R 17 and R 17 ' of -NR 17 R 17 may be com- 
bined each other to form a heterocycle; 

A represents an oxygen atom, a sulfur atom or -NR 18 -; R 18 represents a hydrogen atom, alkyl, cycloalkyl or 

cycloalkylalkyl; 

n represents 0 or 1 ; 

said alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl, heteroarylalkenyl, 
heterocycle and heterocyclic alkyl may be substituted by one or more substituents respectively. 

The IgE antibody production inhibitor as claimed in Claim 1 which is a prophylactic agent for bronchial asthma, a 
prophylactic agent for allergic rhinitis, a prophylactic agent for allergic dermatitis, a therapeutic agent for bronchial 
asthma, a therapeutic agent for allergic rhinitis, or a therapeutic agent for allergic dermatitis. 

An autoimmune disease suppressant comprising a heterocyclic amide compound of the following general formula 
(1) or a pharmaceutically acceptable salt thereof as an active ingredient; 
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RHN 




(i) 



wherein R represents a hydrogen atom, alkyl. -CHO, -COOH, -CONH 2 , -COR 1 , -COOR 1 , -CONHOR 1 , -CONHR 1 , 
CONRW, -CONHSO a R 1 , -COSR 1 , -COCOR 2 , -COCOOR 2 , -CONHCOOR 2 , -COCONR 3 R 4 , -CSXR 1 , -SOgWR 1 , 
-S0 2 NR 1 R 1 ' or-SO z E; 

R 1 and R 1 ' may be the same or different and each represents alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, heterocycle or heterocyclic alkyl; 

R 2 , R 3 and R 4 may be the same or different and each represents a hydrogen atom, alkyl or arylalkyl, or R 3 and 
R 4 of -NR 3 R 4 may be combined each other to form a heterocycle; 
X represents a single bond, an oxygen atom, a sulfur atom, or -NH-; 
W represents a single bond, -NH-, -NHCO-, -NHCOO- or-NHCONH-; 
E represents hydroxy! group or amino; 

R s , R 6 and R 7 may be the same or different and each represents a hydrogen atom or alkyl, or one of R 5 , R 6 
and R 7 represents aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl, with each of the 
remaining two representing a hydrogen atom; 

M represents a carbon atom or a nitrogen atom and when M represents a nitrogen atom, R 6 does not exist; 
Y represents cycloalkyl, aryl or heteroaryl; 

Z represents a hydrogen atom, -CFgR , -CF 2 CONR 9 R 10 , -CFgCOOR 9 , -COOR 9 , -CONR 9 R 10 , a group of the 
following formula (i), a group of the following formula (ii), or a group of the following formula (iii); 
R B represents a hydrogen atom, halogen, alkyl, perfluoroalkyl, aminoalkyl, alkylaminoalkyl, dlalkylaminoalkyl, 
alkoxyalkyl, hydroxyalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl; R 9 and 
R 10 may be the same or different and each represents a hydrogen atom, alkyl, alkenyl, cycloalkyl, cycloalkyla- 
lkyl, heterocyclic alkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl, or R 9 and 
R 10 of -NR 9 R , ° may be combined each other to form a heterocycle; 
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(U) 



(i) 




(iii) 



wherein a, b, c and d respectively represents a carbon atom or one of a, b, c and d represents a nitrogen atom 
with each of the remaining three representing a carbon atom; 

R 11 , R 12 , R 13 andR 14 may be the same or different and each represents a hydrogen atom, alkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, halogen, trifluoromethyl, cyano, nitro, -NR 17 R 17 ', -NHS0 2 R 17 , -OR 17 , -COOR 17 , - 
CONHSOaR 17 or -CONR 17 R 17 '; provided that when one of a, b, c and d represents a nitrogen atom, R t1 , R l? , 
R 13 or R 14 combined to the nitrogen atom mentioned for a, b, c or d does not exist; 

R t5 and R 18 may be the same or different and each represents a hydrogen atom, alkyl, aryl, arylalkyl, heter- 
oaryl, heteroarylalkyl, halogen, trifluoromethyl, cyano, nitro, -NR 17 R 17 , -NHSO z R 17 , -OR 17 , -COOR 17 , - 
CONHS0 2 R 1/ or-CONR 17 R 17 '; 

R 17 and R 17 " may be the same or different and each represents a hydrogen atom, alkyl, cycloalkyl, cycloalky- 
lalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl or trifluoromethyl, or R 17 and R 17 of -NR ,7 R' 7 ' may be com- 
bined each other to form a heterocycle; 

A represents an oxygen atom, a sulfur atom or -NR 18 -; R 18 represents a hydrogen atom, alkyl. cycloalkyl or 

cycloalkylalkyl; 

n represents 0 or 1 ; 

said alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl, heteroarylalkenyi, 
heterocycle and heterocyclic alkyl may be substituted by one or more substituents respectively. 

The autoimmune disease suppressant as claimed in Claim 3 which is a prophylactic agent for systemic lupus ery- 
thematosus, a prophylactic agent for Hashimoto's thyroiditis, a prophylactic agent for myasthenia gravis, a prophy- 
lactic agent for rheumatoid arthritis, a prophylactic agent for Guillain-Barre syndrome, a prophylactic agent for 
glomerulonephritis, a prophylactic agent for systemic erythematosus, a therapeutic agent for systemic lupus ery- 
thematosus, a therapeutic agent for Hashimoto's thyroiditis, a therapeutic agent for myasthenia gravis, a therapeu- 
tic agent for rheumatoid arthritis, a therapeutic agent for Guillain-Barre syndrome, a therapeutic agent for 
glomerulonephritis, or a therapeutic agent for systemic erythematosus. 
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Fig- 1 
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